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ABSTRACT 


This  study  addresses  itself  to  the  location,  collection,  classification,  or¬ 
ganization  and  analysis  of  nonelectronic  part  reliability  inf  oration  into 
a  fora  from  which  it  can  be  integrated  into  a  Nonelectronic  Reliability 
Handbook. 


The  study  was  logically  divided  into  three  steps:  Data  Search,,  Data  Presenta¬ 
tion,  and  Data  Analysis.  The  Data  Search  was  intensive  and  extensive.  The 
major  sources  of  nonelectronic  part  failure  information  were  technical  .Publi¬ 
cations,  symposia  proceedings.  Defense  Documentation  Center  Reports,  company 
reports,  and  information  from  other  existing  data  banks.  In  all,  38,761 
line  entries  of  failure  data  on  approximately  600  different  nonelectronic  part 
types  were  collected  and  stored  or  computer  tape.  The  computer  programs  are 
designed  to  store  and  print  out  the  data  in  the  most  convenient  and  useful 
form.  .All  of  the  data  collected  are  printed  out  in  detail  in  the  Appendix  of 
this  report. 

The  Data  Analysis  took  several  forms.  Failure  information  on  the  same  and 
similar  part  types  was  combined  to  yield  overall  failure  rates  for  each  of 
several  environmental  applications.  Conversion  factors  were  calculated  to 
reflect  the  effect,  of  varying  severity  of  environments  on  part  life.  Failure 
rate  versus  stress  relationships  were  sought  but  the  data  collected  were  not 
complete  enough  to  yield  useful  relationships.  Most  of  the  failure  informa¬ 
tion  collected  contained  total  part  operating  time  and  the  number  of  observed 
failures.  With  this  amount  of  information  the  only  alternative  was  to  per¬ 
form  the  above  mentioned  analysis  tasks  as  though  the  hazard  rale  was  constant 
with  time.  Several  reports  were  collected  which  gave  good,  evidence  that  in 
truth  many  types  of  nonelectronic  parts  display  failure  times  according  tc 
the  Weibull  distribution  with  increasing  hazara  rates  with  time.  Therefore 
the  failure  rates  and  confidence  limits  computed  based  on  the  assumption  of 
exponentially  distributed  failure  times  (where  the  true  failure  times  are  dis¬ 
tributed  according  to  some  other  failure  function)  should  be  used  in  the 
proper  perspective  and  with  care.  While  the  use  of  the  assumption  of  constant 
failure  rate  does  yield  a  less  precise  estimate  of  the  true  hazard  rate  it  is 
the  only  alternative  as  long  as  the  failure  data  are  recorded  for  these  part 
types  without  the  inclusion  of  individual  part  failure  time. 

Since  it  was  established  that  the  statistical  methods  applicable  to  the  reli¬ 
ability  of  nonelectronic  parts  must  differ  from  those  used  traditionally  for 
electronic  parts,  prediction  models  applicable  to  nonelectronic  parts  were 
sought.  Three  models  showing  premise  ere  investigated  in  the  Data  Analysis 
Section  and  are  compared  with  field  data  collected  during  the  study.  In  each 
case  more  verification  is  required  but  the  models  included  appear  to  be  useful 
contributions  to  the  field  of  nonelectronic  part  reliability. 
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EVALUATION 


1.  This  study  ms  addressed  to  the  location,  collection,  organiza¬ 
tion  and  analysis  of  nonelectronic  part  failure  data. 

2.  The  study  has  resulted  in  38,761  line  entries  of  failure  data  on 
approximately  600  different  nonelectronic  part  types.  This  represents 
the  largest  and  most  comprehensiv j  collection  of  such  data  available 

to  those  engaged  in  design  and  reliability  activities.  It  ms  necessary 
to  assume  a  constant  failure  rate  since  for  most  of  the  data  only  the 
total  part  hours  and  number  of  failures  were  given.  Where  life- times 
were  available. the  distribution  of  times -to -failure  almost  invariably 
took  the  Weicull  form  with  increasing  failure  rate.  This  is  not  a 
good  situation  since  we  nave  strong  evidence  that  our  assumption  is 
wrong.  The  decision  taken  in  this  study  has  been  to  provide  the  upper 
90  percent  confidence  limit  in  addition  to  the  point  estirmte  of  the 
failure  rate.  The  use  of  the  former  in  predictions  will  tend  to 
preclude  overly  optimistic  reliability  predictions.  The  quality  of 
the  data  ms  adequate  to  allow  the  development  of  application  !'K!' 
factors.  Significant  differences  In  the  numerical  value  of  the  ,!K" 
factor  are  found  to  exist  between  part  families  within  a  comma:  applica¬ 
tion  and  also  between  the  subclassifications  of  a  part  family.  The 
fallibility  of  a  single  "K"  factor  applicable  tc  all  part  t.ypes  is  well 
illustrated.  Attempts  to  relate  failure  rates  to  applied  stress  were 
not  successful,  .v\  that  there  is  no  relationship  but  rather  due  to 
insufficient  specific  information  within  the  collected  data. 

3.  This  collection  will  reasonably  serve  needs  for  nonelectronic 
part  failure  data  so  long  as  the  user  exercises  care  and  recognizes 
the  tenuous  nature  of  the  basic  assumption  of  a  constant  failure  rate. 
Future  activities  in  data  collection  will  be  directed  exclusively 

at  tliS  determination  of  hazard  rates  and  stress /hazard  rate  relationships. 

DOMALD  W.  1TJLT0N 
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Reliability  Branch 


vi 


SECTION  1 
INTRODUCTION 


1.1  Objectives  . 

1.2  Summary  of  Results . -  *  •  *  • 


1.0  Introduction 
1.1  Objectives 


The  breed  objective  of  this  study  was  to  locate,  collect,,  organize  and  ana¬ 
lyze  reliability  information  on  nonelectronic  ports  which  can  be  used  in  the 
preparation  of  a  Nonelectronic  Reliability  Handbook. 


While  the  above  statement  represents  the  overall  objective  of  the  study , 
there  were  several  specific  objectives  which  more  fully  explain  the  nature 
of  the  effort  which  was  undertaken. 

The  first  of  these  was  to  establish  the  needs  of  potential  users  of  such  a 
bank  of  data  in  terms  of  part  types,  environmental  applications  and  opera¬ 
ting  characteristics.  A  data  needs  survey  was  conducted  and  its  results 
were  used  to  direct  the  course  of  the  data  collection  effort. 

The  next  task  was  to  locate,  collect,  organize  and  analyze  nonelectronic 
part  failure  information  from  as  wide  a  spectrum  of  parts  and  applications 
as  was  possible.  Such  a  diverse  body  of  information  in  order  to  be  of  opti¬ 
mum  utility  required  a  format  for  uniform  presentation.  Furthermore,  compu¬ 
ter  storage  was  necessary  to  provide  for  ease  of  handling,  convenient  infor¬ 
mation  retrieval,  timely  updating,  editing,  and  analysis. 

The  analysis  objectives  were  to  gather  a  sufficient  concentration  of  failure 
information  on  high  population  parts  to  result  in  the  establishment  of  the 
relationships  that  exist  between  part  life  and  operating  stresses  and  between 
part  life  and  envirornnentul  stresses.  Another  very  imjortant-  aspect  of  the 
analyses  performed  on  the  collected  data  was  the  establishment  of  the  proper 
underlying  distribution  of  failure  times.  Most  of  the  reliability  work  per¬ 
formed  to  cate  on  electronic  parts  has  shown  that  these  classes  of  parts  dis¬ 
play  failure  times  which  are  distributed  exponentially.  Cn  the  other  hand, 
there  is  a  good  deal  of  evidence  in  the  literature  tc  indicate  that  in  the 
case  of  nonelectronic  parts,  failure  times  occur  according  to  the  Weibull 
distribution  with  an  increasing  hazard  rate  over  time.  When  the  exponential, 
is  the  proper  underlying  distribution  of  failure  times,  the  calculations 
attendant  with  reliability  estimates  are  made  with  ease.  With  other  failure 
distributions,  the  statistical  methods  of  reliability  are  much  more  complex. 

With  ease  of  calculations  as  a  possible  goal,  it  was  therefore  the  objective 
of  another  of  the  analysis  tasks  to  evaluate  the  error  introduced  by  making 
the  exponential  assumption  (thus,  reaping  the  'benefits  of  simple  calcula¬ 
tions)  when,  in  fact,  the  perts  of  interest  displayed  other  underlying  fail¬ 
ure  distributions  such  as  Weibull,  lognormal  or  gamma.  These  tasks  can,  in 
effect,  'be  summarized  as  being  directed  toward  the  establishment  of  the 
proper  statistical  methods  for  use  in  the  field  of  nonelectronic  part  reli¬ 
ability. 

A  final  objective  of  the  subject  study  program  was  to  analyze  the  data  which 
had  been  collected  and  present  the  predominant  failure  modes  for  a  given  part 
type  ir  each  of  its  several  possible  applications. 
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Objectives  of  the  Study  on  IJonelecoroni 
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®  Locate,  collect,  classify,  organize  and  analyze  reliability  data 
on  different  nonelectronic  parts  from  different  environments. 

»  Develop  a  format  for  data  organization  and  presentation. 

o  Computerize  the  data  for  ease  of  handling,  retrieval,  updating, 
editing,  and  analysis. 

®  Relate  failure  rate  and  operating  stresses. 

®  Relate  failure  rate  and  environmental  stresses. 

»  Reflate  failure  mode  and  application. 

o  Investigate  the  proper  .  atistical  method, s  of  nonelectronic  part 
reliability. 

a  Evaluate  promising  useful  prediction  and  demonstration  models  for 
nonelectronic  parts. 
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Introduction 
Summary  of  Results 


The  search  for  reliability  information  on  nonelectronic  parts  was  very  com¬ 
plete  and  it  yielded  a  large  amount  of  failure  information  on  many  different 
part  types  used  in  many  different  applications. 


The  success  of  the  data  collection  effort  for  reliability  information  on  non- 
electronic  parts  can  be  expressed  in  terms  of  the  large  number  of  line  entries 
of  data  gathered.  This  amounts  to  3Q>?6l  pieces  of  data  representing  nearly 
600  different  types  of  nonelectronic  parts.  The  reliability  information  col¬ 
lected  was  generated  in  close  to  30  different  environmental  applications  and 
ovei  100  different  failure  reports  were  collected  on  each  of  approximately 
30  different  part  types. 

The  da*a  was  not  distributed  uniformly  over  either  generic  part  types  or 
environmental  application.  For  example,  over  80%  of  the  data  collected  was 
generated  in  airborne  applications,  approximately  5 °f>  was  from  ground  Installa¬ 
tions,  and  less  than  1 %  of  the  failure  reports  were  from  shipboard  applica¬ 
tions. 

,inothcr  measure  of  the  success  of  the  data  collection  effort  is  the  complete¬ 
ness  of  detail  that  was  available.  The  solicitations  for  reliability  infor¬ 
mation  on  nonelectronic  parts  requested  a  very  complete  description  of  part, 
application,  environment,  failure  time,  failure  mode  and  date  of  generation 
'a  ohe  data.  Unfortunately,  the  data  which  were  collected  (which  are  a  true 
reflection  of  the  si ate  of  the  art  of  nonelectronic  part  failure  information) 
were  far  from  complete  in  the  detail  required  to  make  exhaustive  analyses, 
therefore,  some  of  the  analyses  which  were  performed  appear  to  have  been  made 
as  though  the  failure  times  were  exponentially  distributed  even  i i  the  face 
of  contrary  evidence.  Tnis  was  done  only  because  the  bulk  of  the  failure 
data  which  is  available  for  nonelectronic  parts  has  been  collected  without 
regard  to  individual  failure  times.  The  failure  reports  record  only  the 
total  number  of  part  operating  hours  and  the  number  of  failures.  Hence,  it 
is  cot  possible  to  make  any  analysis  other  t nan  one  based  on  the  assumption 
of  exponentially  distributed  failure  times.  It  might  be  pointed  out ,  however, 
that  since  failure  times  were  not  recorded  it  is  not  even  possible  to  verify 
whether  or  not  the  exponential  distribution  holds.  In  the  light  of  this  fact, 
the  user  of  the  reliability  information  collected  and  analyzed  in  this  study 
should  regard  it  with  proper  caution.  Although  It  is  not  complete  -nough  In 
detail,  it  reflects  the  quality  of  the  data  that  is  available  at  this  point 
in  time. 

This  introduction  presents  a  general  description  of  the  objectives  of  thi6 
study  program  and  summarizes  its  findings  and  conclusions.  The  remainder  of 
the  report  discusses  in  detail  each  Integral  task  performed  auring  the  course 
of  the  total  effort-  Section  2  outlines  the  philosophy  and  general  approach 
which  guided  the  course  of  the  data  collection  ae  well  as  giving  the  specific 
sources  from  which  failure  information  on  nonelectronic  parts  was  solicited. 
Section  3  details  the  classification,  organization,  and  data  formats  used  for 
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presentation  of  the  part,  failure  information  in  useful  form.  It  discusses 
also  the  eomjwter  programs  developed  to  manipulate  the  thousands  of  pieces 
of  information  cn  a  wide  variety  of  part  types  and  distinct  application*. 
Section  4  deals  with  each  of  the  different  types  of  analyses  performed  on  the 
data  collected  and  presents  these  results  in  cheir  most  useful  farm.  Section 
5  summarises  the  Conclusions  of  the  study  effort  while  Section  6  lists  the 
Recommendations  based  on  the  findings.  The  Appendix  contains  the  detailed 
raw  data  developed  in  the  analysis  task  as  well  as  the  Individual  line  en¬ 
tries  of  failure  information  collected  during  the  study. 
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2.0  Data  Search 

2.1  Preliminary  Investigations 


The  scope  of  the  search  for  nonelectronic  part  reliability  data  was  centered 
on  those  parts  defined  as  being  not  purely  electronic  in  operational  charac¬ 
teristics. 

Many  of  the  failure  rate  handbooks  now  in  existence  contain  part  failure  data 
on  electronic  parts  and  on  a  few  nonelectronic  parts.  The  scope  of  the 
present  data  collection  effort  was  directed  exclusively  toward  the  acquisi¬ 
tion  of  failure  information  on  as  many  different  nonelectronic  parts  as 
possible. 

In  order  to  obtain  the  proper  perspective  on  the  scope  of  the  study,  it  is 
imperative  that  the  term  nonelectronic  part  be  defined.  A  nonelectronic 
part  as  used  in  this  study  is  defined  by  exclusion.  It  is  any  part  that  is 
not  purely  electronic  in  nature.  Examples  of  electronic  partB  are  solid 
state  devices,  tubes.  Inductive  and  capacitive  devices,  and  integrated  cir¬ 
cuit  devices.  All  others  are  considered  to  be  nonelectronic  parts  and  hence 
failure  information  was  sought  on  them  for  Inclusion  into  this  data  bank. 

The  collection  of  such  a  large  and  varied  amount  of  reliability  information 
required  a  specific  plan  in  order  to  be  accomplished  in  an  economical  manner. 
Therefore,  the  first  step  was  the  development  of  a  Data  Needs  Questionnaire 
to  direct  the  course  of  the  search. 

The  questionnaire  dealt  with  such  categories  as  the  types  of  environments  a 
potential  user  of  this  data  was  most  concerned  with,  and  the  types  of  failure 
rate  information  that  would  be  most  useful  such  as  derating  curves,  k  factors, 
distributions  of  failure  times,  and  other  related  information.  An  integral 
part  of  the  questionnaire  is  shown  on  the  facing  page.  This  matrix  was  used 
to  establish  the  detail  of  operational  characteristics  that  would  be  sought 
during  the  data  collection  effort. 

Because  of  the  time  limitations,  the  Data  Needs  Questionnaires  were  distri¬ 
buted  on  a  limited  basis  to  selected  individuals  within  Hughes  Aircraft  Com¬ 
pany  and  to  several  individuals  in  various  Government  agencies.  Based  on  the 
results  of  the  survey,  the  data  collection  effort  was  initiated  on  a  broad 
scale  within  the  scope  of  the  definition  of  nonelectronic  parts. 

When  the  requests  for  failure  Information  were  sent  out  a  great  amount  of  de¬ 
tail  was  requested  of  contributors.  It  was  hoped  that  if  the  data  received 
were  complete  that  a  maxi  taw  amount  of  analyses  could  be  perf earned  on  then. 
Included  in  the  requests  were  a  complete  nomenclature  describing  the  parts  by 
size,  type,  model,  application,  part  number  and  manufacturer.  Also,  a  com¬ 
plete  description  of  the  environmental  and  operational  conditions  experienced 
by  the  parts  was  requested.  Individual  part  failure  times,  failure  modes  and 
dates  covered  by  the  failure  reports  were  requested.  The  data  that  were  col¬ 
lected  had  all  degrees  of  completeness  of  detail.  One  of  the  limiting  factors 
in  the  utility  of  some  of  the  data  was  the  lack  of  detail  accompanying  the 
failure  report.  It  would  appear  thau  for  nonelectronic  part  data  collection 
programs  more  detail  is  required  than  people  are  used  to  retaining. 
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ON  WHICH  COMBINATIONS  OF  COMPONENTS  AND  APPLICATION  STRESSES  DO  YOU 
NEED  ADDITIONAL  AND/OR  REVISED  NONELECTRONIC  RELIABILITY  DATA? 


FCBMI  DOUSLf  CHICK  <//)  THOM  OF  PHIMAIIV  INTIftCST  AND  SINGLE  CHICK  (/)  THOM  OF  SICOHOARV  MTIKCIT. 


COMPONENTS  AND  APPLICATION  STRESSES  LISTED  ARE  TYPICAL  EXAMPLES. 
PLEASE  ADD  ANY  COMPONENTS  AND/OR  APPLICATION  STRESSES  WHICH  ARE 
OF  PRIMARY  INTEREST  TO  YOU. 


Typical  Page  Prom  Data  Needs  Questionnaire 


2-1 


2.0  Data  Search 
2.2  Arses  of  Search 


A  complete  and  comprehensive  search  was  undertaken  to  locate  and  collect  cur¬ 
rent  reliability  data  on  nonelectronic  parts  from  every  potentially  useful 
source. 


Since  the  definition  of  nonelectronic  parts  dictates  a  vide  scope  of  search 
for  reliability  information  on  a  great  variety  of  part  types,  it  was  impor¬ 
tant  to  develop  a  systematic  approach  for  the  performance  of  this  task. 

The  data  collection  effort  therefore  was  conducted  iri  three  major  areas.  The 
first  was  a  search  of  the  literature.  Six  periodical  indexes  were  consulted 
to  develop  a  beginning  list  of  source  documents.  One  hundred  eleven  dif¬ 
ferent  technical  periodicals  were  searched  from  the  most  current  issues  b*«ck 
to  1957.  This  date  was  established  as  a  cutoff  time  for  the  inclusion  of 
failure  information  from  all  sources  in  order  that  obsolete  data  not  be  in¬ 
cluded  which  would  bias  the  current  state  of  the  art.  Other  Important  sources 
investigated  in  the  literature  search  were  the  proceedings  of  technical  con¬ 
ferences  and  symposia.  Publications  of  proceedings  from  the  past  ten  year 3 
on  over  75  different  types  of  symposia  were  carefully  searched  for  pertinent 
information.  Additional  failure  information  was  obtained  by  studying  a  great 
many  Government  technical  publications  from  those  in  the  Defense  Documentation 
Center. 

A  major  part  of  the  data  collection  effort  centered  on  information  in  existing 
data  banks.  All  the  principal  data  centers  were  solicited  for  their  infor¬ 
mation  an  nonelectronic  parts.  The  most  notable  contributor  was  FARADA. 
Approximately  22,000  line  entries  of  information  on  nonelectronic  parts  were 
from  that  source.  Information,  was  received  from  several  other  existing  data 
banks  but  in  the  majority  of  cases  these  reports  were  also  included  in  FARADA 
and  hence  the  data  was  not  duplicated. 

Personal  contacts  with  individuals  in  Government  and  industry  also  constituted 
a  major  effort  in  the  study.  Over  200  letters  were  sent  soliciting  detailed 
failure  information  on  nonelectronic  parts.  The  mailing  list  included  per¬ 
sons  with  reliability  responsibility  in  major  Government  agencies  and  in 
companies  thought,  to  be  large  users  and/' or  large  producers  of  nonelectronic 
parts.  The  letters  were  in  many  cases  followed  up  with  phone  calls.  The 
response  from  this  solicitation  resulted  in  the  receipt  of  useful  information 
from  sixteen  sources. 

Many  valuable  additions  to  the  data  base  were  made  through  a  comprehensive 
search  of  Internal  Hughes  field  and  laboratory  test  reports. 

In  December  1966  a  preliminary  report  was  published  which  tabulated  the  infor¬ 
mation  collected  up  to  that  point  in  the  program.  The  report  h&B  the  designa¬ 
tion  RADC  TR  66- 838  hRaDC  Unanalyred  Nonelectronic  Fart  Failure  Fate  Data 
Interim  Report  NEDCO  IM  and  it  contains  17,702  line  entries  of  raw  failure 
information.  During  the  ensuing  months,  additional  failure  data  were  collected 


and  on  improved  data  format  was  developed.  The  detailed  results  of  the  total 
data  collection  effort  appear  in  Appendix® f  7 .10,  7. 11  and  7-12  of  this 
report . 


•  Proceedings  of  Conferences,  Symposia,  and  Transactions 
e  Technical  Periodicals 

•  Government  Technical  Publications 

•  Personal  Contacts  in  Industry  and  Government 

•  Hughes  Company  Reports 

•  Existing  Data  Bonk* 


Sources  Investigated  in  NEDCO  Data  Search 
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3*0  Data  Presentation 
3.1  Failure  Rate  Data 


The  most  important  considerations  in  the  design  of  a  presentation  format  were 
centered  on  allowing  the  user  of  this  nonelectronic  part  reliability  data 
bank  access  to  accurate  part  identification  and  complete  failure  irate  esti¬ 
mates. 


The  reliability  information  vv  «ras  collected  during  the  study  was  from 
hundreds  of  different  sources  and  part  types.  To  be  of  optimum  utility.  It 
had  to  be  organized  into  a  standard  and  convenient  format  for  the  benefit  of 
the  user. 

The  major  concern  of  a  user  trying  to  locate  reliability  data  applicable  to 
his  own  problem  is  to  properly  identify  the  part  of  interest.  It  can  be  seen 
in  the  sample  format  on  the  facing  page  that  a  great  portion  of  it  is  devoted 
to  part  classification  and  identification.  The  firet  five  digits  of  the  IDEP 
II  Code  numbering  system  were  used  to  identify  parts  by  generic  type  and  by 
major  sub-types.  In  the  sample  page,  "Valve c"  are  assigned  the  number  525/ 
while  "Hydraulic  Valves"  are  designated  by  525. 60.  The  IDEP  numbering  system 
was  used  because  it  is  apparent  that  much  careful  planning  went  into  its  con¬ 
ception  and  because  it  is  widely  used  by  many  existing  data  banks  for  ease 
of  information  exchange. 

Additional  part,  descriptive  information  which  was  collected  but  which  did  not 
lend  itself  to  classification  by  the  part  farily  code  list  was  divided  into 
two  fields  on  the  computer  printout.  That  whi-h  described  the  part  itself 
was  listed  In  the  PART  DESCRIPTION  field  while  that  clarifying  a  subassembly 
or  larger  unit  level  from  which  the  part  was  extracted  was  liBted  under  FUNC¬ 
TIONAL  APPLICATION.  Since  no  other  space  was  available  the  FUNCTIONAL  APPLI¬ 
CATION  field  was  used  to  note  certain  operating  conditions  such  as  cycling 
rate,  contact  current  or  data  from  storage  environments. 

The  other  major  positions  in  the  computer  printouts  relate  to  the  failure 
rate  ettimate.  The  failure  rate  is  computed  in  failures  per  million  hours, 
unless  otherwise  designated.  An  asterisk  in  the  FAILURE  RATE  field  indicates 
that  no  failures  were  observed.  Additional  backup  for  the  failure  rate  is 
provided  by  the  listing  of  PART  POHJLATION,  PART  HOURS  and  UPPER  90*  CONFI¬ 
DENCE  LIMIT.  The  90$  level  was  selected  since  it  seems  to  be  tbe  one  most 
frequently  used  in  reliability  analyses. 

The  upper  one  aided  confidence  limits  w< re  presented  since  this  decision  rule 
gives  conaervutive  failure  rate  est1  -nates  when  tbe  Type  I  error  is  made  in 
testing  a  hypothesis. 

The  failure  rate  estimates  presented  and  the  confidence  limits  calculated  are 
based  on  the  assumption  of  a  constant  failure  rate.  This  was  done  even  In 
the  face  of  contradictory  evidence  for  some  nonelectronic  parts  because  it 
reflects  tbe  type  of  failure  data  in  existence  today.  A  complete  list  of 
Failure  Rate  Pat*  appears  In  Appendix  7.10. 
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3  .0  Data  Rre gestation 

3.2  Environmental  and  Application  Stress  Format. 


The  detailed  information  collected  on  the  environrental  and  application 
stresses  of  nonelectronic  parts  is  organised  into  a  separate  computer  print 
out  which  is  keyed  to  the  Failure  Rate  Format  by  mean.?  of  a  cross  index 
reference  mwbtsr. 


It  would  have  been  desirable  to  arrange  the  data  format  in  such  a  manner  that 
it  vas  possible  to  present,  every  detailed  piece  of  information  from  a  given 
failure  report  as  a  single  line  entry.  However,  this  was  physically  impossi¬ 
ble  due  to  the  limitations  of  the  computer  printout  equipment.  Therefore, 
those  details  relating  to  a  part's  environmental  and  operational  envelopes 
hart,  been  arranged  as  a  separate  body  of  information  as  shown  in  the  sample 
on  the  facing  page. 

The  part  nomenclature  and  c^le  number  is  not  repeated  in  this  section;  how¬ 
ever,  a  u«®r  of  the  data  can  relate  the  line  entry  in  this  section  (Appendix 
Subsection  7*11)  with  the  one  In  the  Failure  Bate  Section  (Appendix  Subsection 
7  10 5  by  a»?ans  of  ®  cross  index  reference  number .  In  t-he  sample  page  pre¬ 
sented  here,  this  identifying  number  consists  of  eight  digits  and  appears  in 
the  left  hand  column.  The  line  entry  in  the  Failure  Rate  Section  for  the 
part  nomenclature  and  failure  rate  information  corresponding  to  a  given  line 
entry  of  this  section  displays  the  same  cross  index  reference  number  in  the 
right  hand  column  of  the  page. 

A  user  of  this  data  bank  would  very  likely  enter  tne  ccnqwter  listings  with  a 
given  part  type  in  mind.  He  would  look  up  the  part  type  in  the  F  l.lure  Rate 
Section  and  then  proceed  to  this  Section  via  the  cross  index  reference  number 
to  discover  information  on  operating  and  environmental,  stresses. 

A  ':amplet.e  listing  of  all  of  the  operational  and  environmental  data  gathered 
is  presented  in  Appendix  Subsection  7*11-  As  can  be  seen  by  the  sample  on 
the  facing  page  the  major  categories  of  operational  information  collected 
were  related  to  a  part's  operational  voltage,  current,  power,  frequency  or 
pressure.  The  major  environmental  conditions  for  which  data  were  recorded 
were  temperature,  vibration,  shock,  pressure,  and  relative  humidity.  For 
relative  humidity  both  a  typical  cx  nominal  value  and  a  range  experienced  by 
the  part  during  normal  operation  is  giver  where  it  is  available.  An  example 
of  this  is  shown  on  the  facing  page  for  cross  index  reference  number 
O8576COO  where  the  typical  relative  humidity  was  30$  and  the  range  was  from 
Q-50#. 


The  Croat,  index  reference  numbers  have  been  spaced  with  a  gap  of  1999  numbers 
between  lie®  entries  so  that  future  additions  of  data  may  be  easily  incorpo¬ 
rated  into  the  existing  bank  of  information  and  still  be  entered  alphabetical¬ 
ly  within  the  current  body  of  data.  If  the  gaps  are  eventually  filled,  the 
entire  eet  of  line  entries  may  be  resequenced  ind  assigned  new  numbers,  again 
with  gaps  for  additional  line  entries  subject  to  the  limitations  of  the  eight 
digits. 


Typical  Page  Showing  Section  II  Format 


5.G 

3  3 


Data  Presentation 
Failure  Mode  Distributions 


The  information  gathered  on  tbe  failure  modes  of  nonelectronic  parte  ie  pre¬ 
sented  by  part  class  in  a  separate  format  to  allow  the  user  to  identify 
typical  types  and  frequencies  of  failure  modes  to  he  expected* 


The  failure  mode  information  is  presented  in  a  separate  section  so  that 
emphasis  may  be  laid  upon  recognizing  predominant  failure  modes  for  each  part, 
type.  The  computer  program  used  in  generating  this  secticp  of  data  is  sepa¬ 
rate  and  distinct  from  the  computer  program  responsible  for  the  failure  rate 
date  and  the  stress  and  part  number  information. 

On  each  page  is  noted  the  psxt  class  to  which  the  line  entries  on  that  page 
belong.  It  is  followed  by  a  numbered  list  of  possible  failure  modes  applica¬ 
ble  to  that  part  type.  On  the  sample  page  opposite,  the  part  clans  cylinders 
ie  shown  followed  by  twelve  different  descriptions  of  failure  modes  by  which 
cylinders  may  fail,  each  description  accompanied  by  a  nimiber  in  parentheses. 
The  numbers  of  the  failure  mode  descriptions  are  reproduced  horizontally 
acre  s  the  page  Just  below  the  list  of  mode  descriptions  to  serve  as  an 
index  to  the  appropriate  failure  modes  on  that  page. 

The  cross  index  reference  number  in  Section  III  provides  the  means  of  locat¬ 
ing  part  identification  and  description  information  and  failure  rate  data  in 
Section  I  (Subsection  7-10);  line  entriee  of  data  which  he  ve  cross  index 
reference  numbers  may  be  linked  to  that  additional  data  in  Section  I.  A 
missing  cross  index  reference  number  indicates  that  no  additional  data  is 
known,  so  no  reference  tc  Section  I  is  made  for  that  line  entry. 

Both  the  number  of  failures  observed  and  the  percent  of  those  failures 
attributable  to  each  failure  mode  is  given  for  every  line  entry.  For  example, 
on  the  sample  page  opposite  the  line  entry  with  cross  index  reference  number 
12090000  show b  207  failures,  59$  of  which  were  failures  by  mode  (01),  leak¬ 
ing;  8$  by  mode  (03),  out  of  tolerance;  l4$  by  mode  (05),  broken  or  cracked; 
and  19$  by  mode  (12),  unknown. 


Typical  Page  Shewing  Section  III  Format 
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4.0  Data  Analysis 

4.1  failure  Distribution  Concensus 


In  the  failure  reports  ccmpiled  on  nonelectronic  parts,  evidence  was  sought 
which  indicated  that  the  report  writer  bad  analyzed  part  failure  times  to 
establish  the  proper  underlying  distribution. 


The  reliability  data  collection  practices  in  current  use  appear  to  be  geared 
to  the  implication  that  failure  times  for  all  parts,  whether  electronic  or 
nonelectronic,  are  distributed  exponentially.  This  statement  appears  to  be 
true  since  generally  the  failure  reports  available  only  recorded  total  part 
operating  time  and  number  of  observed  failures.  The  only  conclusion  that  can 
be  made  from  this  practice  is  that  the  person  preparing  the  report  did  so  by 
assuming  that  the  parts  on  test  exhibited  a  hazard  rate  that  is  constant  with 
time.  ^0f  course,  if  failure  times  were  not  recorded  and  analyzed,  even  the 
theory  of  a  constant  hazard  rate  with  time  could  not  be  verified. ) 

This  portion  of  the  study  was  therefore  directed  toward  searching  for  failure 
reports  containing  actual  part  failure  times  or  at  least  where  the  author  of 
the  report  indicated  that  he  bad  analyzed  the  failure  data  collected  for  the 
proper  underlying  distribution  of  failure  times. 

A  total  of  39  failure  reports  were  gathered  on  10  different  nonelectronic 
parts  where  this  type  of  information  was  available.  The  table  on  the  facing 
page  summarizes  these  findings.  The  information  is  arranged  in  the  form  of  a 
consensus.  When  different  articles  claimed  different  failure  distributions 
far  the  same  part  type  the  number  claiming  each  are  listed.  The  "Consensus ’’ 
column  contains  the  ranges  of  the  parameters  found  in  the  reports  which  were 
collected. 

A  review  of  the  re  suits  indicates  that  there  1b  strong  evidence  that  many  types 
of  nonelectronic  parts  exhibit  failure  times  distributed  according  to  the 
Weibull  distribution  with  the  shape  parameter  greater  than  one.  This  is  an 
indication  of  a  hazard  rate  that  increases  over  time.  Bearings,  relays,  seals 
and  switches  clearly  display  these  characteristics.  Pumps  and  valve  failure 
times  are  Weibull  with  shape  parameter  close  to  one  which  is  for  all  practical 
purposes  a  constant  hazard  rate.  For  gears,  two  failure  reports  indicated 
exponential  failure  distributions  while  one  was  Weibull.  Gyros  and  motors 
were  featured  by  a  consensus  of  a  mixed  Weibull  distribution. 

The  conclusion  to  be  reached  from  this  phase  of  the  study  is  that  there  is 
strong  evidence  that  the  exponential  distribution  does  not  hold  for  most 
nonelectronic  parts.  Therefore,  to  be  absolutely  correct  the  statistical 
methods  used  in  the  reliability  analyses  performed  on  electronic  parts  proba¬ 
bly  should  not  be  applied  to  nonelectronic  parts  not  exhibiting  constant  haz¬ 
ard  rates.  The  following  three  topics  investigate  the  effect  of  the  exponen¬ 
tial  assumption  when  the  correct  underlying  failure  distributions  are  the 
Weibull,  lognormal,  and  gaaana. 

The  details  of  the  Information  used  to  prepare  the  table  on  the  facing  page 
are  given  ix.  Appendix  Subsection  7-4. 
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Bart  Type 

Total 

Number 

of 

Opinions 

Collected 

Number 

of 

Exponential 

Opinions 

Number 

of 

Weibull 

Opinions 

Number 

of 

Mixed 

Weibull 

Opinions 

Consensus 

Bearings 

12 

0 

12 

0 

Weibull 
.5  <  0  <4.0 

Gears 

3 

o 

1 

0 

Exponential 

Gyros 

2 

0 

0 

2 

Mixed  Weibull 
@1  -  .6 

1.7  <  $2  <  ?-‘h 

Motors 

4 

1 

1 

2 

Mixed  Weibull 

^l  e  *6 

1.8  <  e2  <  2.25 

Pumps 

1 

0 

1 

0 

Weibull 

3  =  .99 

Relays 

9 

1 

8 

0 

Weibull 

•  5  <  3  <  4.0 
4xl02  <  a  <  6x10' 

Seals 

2 

0 

2 

0 

Weibull 

.8  <  3  <  18.0 

Springs 

1 

0 

1 

0 

Weibull 

3  -  1.4? 

Switches 

4 

0 

4 

0 

Weibull 

.4  <  3  <  8.0 
a  <  io^’ 

Valves 

1 

0 

1 

0 

Weibull 

.8  <  3  <  l.o 

Consensus  of  Distribution  of  Failure  Times  for  Certain  Nonelectronic  Farts 
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hoQ  Data  Analysis 

4.2  Effect  of  Assumption  of  Exponential  Failure  Times 
4.2.1  COMPUTER  SIMULATION 

Since  most  of  the  failure  data  collected  for  nonelectronic  parts  assumed  con¬ 
stant  failure  rates  (even  though  substantial  evidence  indicates  otherwise)  a 
study  vat  made  of  the  effects  on  reliability  estimates  made  using  the  expo¬ 
nential  assumption  when  other  distributions  more  properly  describe  part 
failure  times. 


The  objective  of  this  analysis  task  was  to  investigate  the  effect  on  relia¬ 
bility  estimates  of  using  the  assumption  of  exponentially  distributed  failure 
tinea  when  other  distributions  are  better  descriptors  of  nonelectronic  part 
failure  times.  The  reason  for  this  interest  is  based  on  the  ease  of  compu¬ 
tations  associated  with  such  an  assumption.  On  the  other  hand,  if  the  method 
introduces  serious  error,  it  was  felt  it  should  not  be  considered. 


•4  ,r 


The  evaluation  was  accomplished  by  calculating  confidence  limits  using  the 
usual  X2  methods  for  a  hypothesised  MTBF  and  comparing  the  width  of  the  in¬ 
terval  so  calculated  with  one  constructed  using  a  computer  simulation  program 
to  generate  distributions  of  saz/ple  means  for  three  non -exponential  distribu¬ 
tions.  The  general  steps  carried  out  in  the  simulation  are  outlined  on  the 
facing  page. 


The  mean,  0,  of  the  failure  distribution  (i  _. ,  the  MTBF)  was  chosen  as  the 
basis  of  comparison  between  the  exponential  and  non -exponential  dietributlona 
For  the  exponential  distribution,  it  is  known  that  2n§/0  (where  the  sample 


mean 


6 


£ti 


is  based  on  a  sample  else  n  from  a  distribution  with  mean 


9)  is  distributed  as  xj^  for  failure  truncated  data  and  +  2  !ar  tiine 


truncated  data.  For  certain  non -exponential  distributions  with  mean  0,  how¬ 
ever,  the  distribution  of  tbe  sample  means  cannot  be  obtained  analytically; 
hence,  computer  simulation  was  necessary. 


s 


the  computer  program,  random  failure  times  T  were  drawn  in  groups  of  n  and 
T. 

1  was  computed  as  a  sample  mean  for  each  group;  1000  such  sample  means 
n 


were  generated  and  then  ordered.  The  first  50  and  tbe  last  50  values  were 
then  examined  as  good  approximations  of  the  tails  of  the  distributions  of 
sample  means.  The  .05  and  .95  percentile  points  were  plotted  in  order  to 
compare  the  widths  of  the  90$  confidence  intervals  in  the  exponential  case 
with  the  Weibull,  lognormal,  and  gamma  distributions.  Specific  results  with 
each  distribution  are  discussed  in  the  3  topics  which  follow. 
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General  Steps  in  Computer  Simulation 


Select  n  random  values  of  P(t) 

Calculate  n  failure  times 

Combine  the  failure  times  to  calculate  a  0  (MTBF) 

Repeat  the  above  3  steps  1000  times 

Printout  the  first  5 0  and  the  last  50  values 
obtained  to  establish  90$  CONFIDENCE  INTERVAL 


4.0  Data  Analysis 

4.2  Effect  of  the  Exponential  Assumption 

4.2.2  WEIHJLL  FAILURE  TIMES 

Because  many  nonelectronic  parts  exhibit  failure  times  in  accordance  with  the 
Weibull  distribution  with  shape  parameter  greater  than  1,  the  use  of  the  as¬ 
sumption  of  exponential  failure  times  as  an  approximation  results  in  optimis¬ 
tic  estimates. 


Since  the  mathematical  methods  and  calculations  associated  with  the  use  of 
the  exponential  distribution  in  reliability  analyses  are  so  simple,  it  seems 
logical  to  employ  these  methods  wherever  possible.  This  phase  of  the  study 
therefore  was  directed  toward  a  general  evaluation  of  the  consequences  of 
assuming  exponentially  distributed  failure  times  when  the  true  underlying 
distribution  of  failure  times  is  Weibull. 

The  simulation  was  performed  utilizing  the  following  relationships.  The  cumu¬ 
lative  distribution  function  (F)  of  a  Weibull  distribution  with  scale  and 
shape  parameters  a.  and  3  respectively  is  given  by  the  following  equation: 

J 

F(t)  -  1  -  e-±_ 

Since  F  is  distributed  uniformly  on  the  interval  [o  ,  l] ,  random  Weibull  values 
of  t  can  be  generated  by  drawing  uniform  random  numbers  F  from  [o,l]  and 
equating 

t  -  a1/*3  (in  1  I1/' 

1-F 

The  failure  times  so  generated  were  combined  in  sample  sizes  of  5,10,  and  15 

and  MTBF's  w ere  thus  calculated  for  Weibull  shape  parameters  (3)  of  .5,  1 

(the  exponential  case),  2,  and  3*  The  90%  limits  generated  for  each  case  in 

the  simulation  program  are  compared  in  the  charts  on  the  facing  page.  It  can 

be  seen  that  when  3  is  greater  than  1  the  Weibull  confidence  limits  are 
narrower  than  the  exponential  limits.  This  indicates  that  substitution  of 
the  exponential  assumption  as  an  approximation  fox  the  Weibull  results  in  a 
less  accurate  estimate  of  the  true  MTBF- 

For  example,  suppose  that  a  part  has  a  'Weibull  failure  distribution  with  3=3, 
and  that  5  failure  times  are  to  be  observe 3  to  test  the  hypothesis  t«  at  the 
WFBF  is  1000  hours.  Note  in  the  figure  opposite  that  under  the  exponerf  al 
assumption  one  world  accept  the  hypothesis  with  90$  confidence  if  the  sample 
JfTBF  lay  between  394  and  1830  hours.  However,  with  the  knowledge  that,  the 
failure  distribution  was  Weibull  with  3=3,  one  would,  accept  the  hypothecs  at 
the  90%  confidence  level  only  If  the  sample  MK?F  lay  between  738  and  1270 
hours.  Hence,  using  the  exponential  assumption,  one  would  accept  hypothe¬ 
sis  with  sample  means  which  would  cause  reje  ction  using  the  Weibull  *’ith  3*3* 


The  result  of  this  analysis  aemonetretes  that  in  tv  e  unc-e  of  nonelectronic 
part*  whose  failure  times  are  distributed  according  'to  the  Weibull  with  in¬ 
creasing  faaztrd  rates  (3  >  1) ,  the  use  of  the  exponential  as  an  approximation 
results  in  an  optimistic  estimate  of  the*  true  MTRF. 
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4.0  Data  Analysis 


4.2  Effects  of  the  Exponential  Assumption 


4.2.3 


MAL  FAIUURE  TIMES 


Assiur'ng  that  failure  times  are  uistributed  exponentially  introduces  predic¬ 
tion  nd  estimation  errors  when  the  failure  times  are  really  distributed  as 
lognormal. _ _ _ 

The  tails  of  the  distributions  of  sample  means  were  examined  and  comparison 
was  made  at  9^$  confidence  interval  widths  derived  from  the  exponential  and 
lognormal  distributions  of  failure  times. 


The  cumulative  distribution  of  the  lognormal  is  given  by  the  following  equa¬ 
tion: 


In  order  to  simulate  the  distribution  of  sample  means  from  the  lognormal  dis¬ 
tribution,  it  was  noted  that  if  y  ■  log  x  is  normally  distributed  (|iy,  ay)> 
then  x  is  lognormalLy  distributed  and  its  parameteis  (p*.  ox)  can  be  found  in 
terms  of  (Uy,  ay).  Also,  a  simple  relationship  exists  between  the  quantities 
of  the  J  gnorml  distribution  (p*,  ct*)  and  the  standard  normal  distribution. 
If  5q  and  represent  the  values  of  x  and  y  respectively  for  the  qtb  qiWt1„ 
tile,  then 


-*■  v  o 


<1  y 


(2) 


Thus,  to  generate  a  random  failure  time  from  a  lognormal  distribution  with 
parameters  <*x),  the  corresponding  normal  parameters  a~e  calculated 


-  log  _ 


and 


log  _ 


(3) 


(4) 


Then  a  random  number  between  0  and  1  is  drawn,  and  from  it  a  value  of  va  is 


determined  by  linear  Interpolation  from  a  table  of  100  standard  normal  devi¬ 
ates  stared  in  the  memory  of  the  computer-  A  random  failure  time  is  then 
generated  by  the  transformation  (2).  Random  failure  times  so  generated  are 
used  to  si-ffluxate  sample  mean  distributions  for  various  sample  sizes  as  de¬ 
scribed  in  Topic  4,2.1. 


For  a  standardized  lognormal  mean  -  1,  90$  confidence  interval  widths  are 
determined  as  a  function  of  ox  and  n.  Sample  means  were  generated  for 
ax  ”  1-1/2  tor  each  of  sample  sizes  n  -  5,  10,  15.  Although  in  wills 

case  the  exponential  is  not  a  special  case  of  the  lognormal,  whether  the  ex¬ 
ponential  confidence  interval  too  wide  or  too  narrow  for  effective  employ¬ 
ment  depends  roughly  upon  whether  o  u  less  than  or  greater  than  1,  as  the 
figure  opposite  illustrates.  .  , 


i  \ 

v  / 


.saBtei.. 


4.0  Data  Analysis 

4.2  Effects  of  the  Exponential  Assumption 
4.2.4  GAMMA  FAIIDKE  TIMES 

The  exponential  assumption  applied  to  gamma  failure  times  it  responsible  for 
errors  in  prediction  and  estimation  of  failure  statistics. _ _ 

The  gamma  cumulative  distribution  is  given  by 


F(t)  -  fb  _i_.  x  a'l  ax 

r(a)  r 


a,  P  >  o 


With  the  jmrameter  3  standardized  to  1,  the  width  of  the  relative  90#  confi¬ 
dence  limits  for  the  sample  mean  distributions  axe  determined  by  the  parameter 
a.  To  sample  random  failure  times  from  gams  distributions  with  a  *  1,2,3* 
and  P  »  1  in  each  case,  it  is  noted  that  when  a  is  an  integer  at  1,  the  cumula¬ 
tive  distribution  function  is  given  in  the  closed  form 


F(t)  »  1 


1  +  t  + 


+ 


t*"1 

wur 


-t 

e 


Far  example,  to  sample  a  random  failure  time  from  a  gamma  distribution  with 
parameters  a»3,  P-1,  a  random  number  F  between  0  and  1  is  first  selected. 
Since  the  c.d.f.  is  uniformly  distributed,  a  random  failure  t.me  is  obtained 
by  solving 


1  -  F  -  (1  +  t  +  |fL)  e_t  «  0 

The  equation  has  no  explicit  solution,  but  Newton's  algorithm  is  quickly  im¬ 
plemented  in  the  computer  program  to  solve  for  t  implicitly.  Using  the  ran¬ 
dom  failure  times  generated,  distributions  of  sample  means  are  simulated  as 
described  in  previous  topics. 

Distributions  of  sample  means  from  ganna  distributions  with  0=1,  and  0-1,2, 
and  3*  were  simulated,  using  sample  sizes  n=5,  10*  15*  Note  that  the  case 
0L»1  is  the  exponential.  The  figure  opposite  shows  that  the  confidence  inter¬ 
val  decreases  as  3.  increases,  thus  indicating  that  use  of  the  exponential 
assumption  gives  confidence  intervals  too  wide  for  parts  with  gamma  failures 
and  a  >  1. 


90 ^  Confidence  Intervale  on  Sample  MTBP'e 

Gamma  Distribution 
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4.0  Data  Analysis 
4.3  Combination  of  Data 

To  organize  this  diverse  mass  of  failure  inform-1  ion  into  a  useful  tool,  simi¬ 
lar  pieces  of  data  were  combined  to  yield  overall  failure  rates  for  given  part 
types  when  used  in  a  simil  tr  environment  and  to  increase  the  accuracy  of  the 
estimate. 


To  present  the  user  of  this  bank  of  reliability  data  on  nonelectronic  parts 
with  a  mere  listing  of  each  failure  rate  estimate  collected  during  the  study 
vaild  confront  him  with  an  unnecessarily  confusing  mass  of  information.  He 
would  have  several  estimates  of  the  failure  rate  for  a  given  pert,  each  of 
which  was  an  estimate  of  the  true  failure  rate  subject  to  sampling  error.  If 
like  pieces  of  data  ;ould  be  combined  then  a  more  accurate  estimate  of  the 
true  parameter  of  interest  could  be  generated. 

It  would  be  appealing  to  combine  only  failure  information  that  was  from  parts 
of  exactly  the  same  type,  used  in  exactly  the  same  application,  and  exposed 
to  exactly  the  same  environmental  stresses.  On  the  other  hand,  it  seems  logi¬ 
cal  that  the  reliability  characteristics  of  parts  that  are  of  the  generic 

type  should  be  quite  similar.  Therefore,  it  would  be  ideal  to  combine  as  meny 
of  the  pieces  of  data  which  were  collected  from  a  major  generic  port  type  to 
enhance  the  accuracy  of  the  estimation  and  to  provide  a r>  overall  measure  of 
reliability  when  the  observed  differences  are  not  statistically  significant. 

The  rules  developed  and  used  for  combining  failure  data  were  based  on  engi¬ 
neering  Judgment,  the  number  of  pieces  of  failure  data  for  a  given  part  type 
in  a  given  environment,  and  the  completeness  of  the  nomenclature  of  the  part 
in  the  failure  reports  received.  The  first  step  was  to  pick  out  several  high 
usage  parts  and  divide  the  bank  of  failure  data  on  each  given  generic  part 
into  several  logical  sub-part  types.  For  example,  electronic  circuit  connec¬ 
tions  were  subdivided  into  crimped,  soldered,  welded  and  wire  wrap  categories. 
The  data  on  each  of  these  was  then  grouped  by  environmental  application.  At 
this  point  in  the  data  analysis,  99f>  confidence  limits  were  calculated  for 
each  piece  of  failure  data.  An  example  of  this  procedure  is  shown  on  the 
facing  page.  Ten  failure  report b  were  available  on  thermostats  used  in  a 
ground  environment.  The  confidence  limits  were  then  compared  for  each  of  the 
ten  pieces  of  failure  data.  The  decision  as  to  which  pieces  of  data  to  com¬ 
bine  to  calculate  ar  overall  failure  rate  was  made  by  inspecting  the  span  of 
the  individual  confidence  intervals.  As  long  as  there  any  degree  of  over¬ 
lap  and  as  long  as  there  was  continuity  starting  from  the  lower  confidence 
limit  of  the  failure  report  with  the  lowest  failure  rate,,  then  all  these  fail¬ 
ure  reports  were  deemed  to  be  ccmbinable.  Where  a  break  occurred  in  tbe  con¬ 
fidence  intervals,  it  was  felt  that  this  wai*  sufficient  evidence  that  these 
were  pieces  of  data  from  parts  with  significantly  different  failure  rates  and 
hence  they  should  not  be  combined.  To  again  refer  to  the  example  on  the  fac¬ 
ing  page,  note  that  failure  report  number  3  covers  the  span  from  0  to  .913636 
failuret  «r  million  hours.  Therefore,  failure  reports  2,  9,  and  10  are  ccm¬ 
binable  with  it  since  they  are  within  its  limits.  Then  the  confidence  inter¬ 
val  of  failure  report  5  partially  overlaps  that  of  number  3  by  going  from 
.062182  to  5*89971  failures  per  million  hours.  Also,  the  confidence  inter¬ 
vals  of  failure  reports  6  and  7  partially  overlap  the  group  already  combined 
and  they  also  include  that  of  failure  report  number  8. 
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However,  the  confidence  intervals  of  failure  report  number  1  and  that  of  re¬ 
port  number  4  are  completely  separated  from  the  intervals  enclosed  by  the 
other  eight  confidence  intervals.  The  data  sources  of  these  outliers  were 
used  in  attempting  to  determine  more  detail  regarding  differences  of  pert 
type,  test  conditions  or  some  other  distinguishing  detail  that  would  account 
for  the  different  failure  rates.  At  any  rate  the  majority  of  line  entries  (in 
this  case  all  but  1  and  4)  dictated  which  pieces  of  failure  data  would  be 
combined  to  yield  the  overall  failure  rate  .  For  thermostats,  for  example,  the 
part  hours  of  the  8  combinable  failure  reports  were  totalled  as  well  as  their 
failures  and  an  overall  failure  rate  of  4.08  failures  per  million  hours  was 
calculated.  To  this  was  added  90$  confidence  limits  for  the  benefit  of  the 
user  of  the  failure  data. 


This  same  procedure  was  used  for  combining  data  to  calculate  overall  failure 
rates  for  6o  generic  parts  and  sub-parts  by  their  use  environment.  The  com¬ 
plete  list  of  failure  rates  and  confidence  limits  by  use  environment  is  pre¬ 
sented  in  Appendix  Subsection  7*7* 


Example  of  Rules  Used  for  Combining  Individual  Line 
Entries  of  Data  to  Yield  an  Overall  Failure  Rate 


:  ) 


Step  1:  Calculate  99$  Confidence  Limits  for  all  line  entries  of  failure  data 
for  Thermostats  (Ground  Environment). 


Lower  99$ 
Confidence  Limit 


Upper  99$ 
Confidence  Limit 


Failure  Rate  (Failures 
per  Million  Hours) 


Omit 


Omit 


-ti — 360.H3 
2.  0 
3.  0 

— 4-. — 46. 2643- 

5.  .082182 

6.  4.94732 

7.  4.94732 

8.  1.22034 

9.  0 

10.  0 


1783.13 — 

.00797936 

.913636 

1324.83 — 

5.89971 

20.2451 

20.2451 

11.2353 

.00797999 

.00797999 


916.666 

0 

0 

428.571 

I. 588 

II. 1164 
11.1164 
4.76417 
0 

0 


Step  2:  Omit  any  line  entries  whose  Confidence  Intervals  do  not,  at  least 
partially,  overlap  those  of  the  majority  of  the  line  entries. 

Step  3:  Combine  the  operating  hours  and  numbers  of  failures  of  the  remaining 
line  entries  of  failure  data  and  calculate  an  overall  failure  rate 
and  9U$  confidence  limits. 

Failure  Rate  *  4.08  failures  per  million  hours. 

Upper  90$  Confidence  Limit  ■  5. 39- 

Lower  90$  Confidence  Limit  *>  3*13. 

Total  Part  Hours  «  8,8c6,900. 

Total  Number  of  Failures  =  36. 
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4.0  Data  Analysis 

4.4  Environmental  Differences  In  Failure  Rates 
4.4.1  CALCULATION  OF  K  FACTORS 

Since  the  data  when  grouped  displayed  significantly  different  failure  rates 
for  given  part  types  over  various  environmental  applications,  k  factors  were 
developed  to  reflect  this  effect  of  environment  on  failure  rate. 

In  dealing  with  failure  data  from  electronic  parts  it  is  common  practice  to 
use  conversion  factors  to  estimate  failure  rates  at  a  more  severe  environment. 
For  the  ease  of  failure  times  distributed  according  to  the  exponential  distri¬ 
bution,  this  conversion  factor  (k)  becomes  a  simple  multiplication  factor. 

In  the  present  data  collection  effort  there  is  evidence  that  many  nonelectron¬ 
ic  parts  do  not  exhibit  constant  hazard  rates  with  time.  However,  the  present 
state  of  the  art  of  data  collection  does  not  provide  data  that  is  detailed 
enough  in  nature  to  yield  individual  part  failure  times.  Therefore,  the  k 
factors  presented  on  the  facing  page  represent  "statistical  differences"  be¬ 
tween  grouped  failure  rates  for  selected  parts  using  the  assumption  of  expo¬ 
nential  failure  times.  This  method  of  calculating  conversion  factors  is  dic¬ 
tated  by  the  type  of  data  available. 

It  may  be  noted  that  the  conversion  factors  shown  on  the  facing  page  feature 
the  "Airborne  Application”  as  the  base.  This  is  accomplished  by  assigning  a 
k  factor  of  1  to  all  airborne  failure  rates.  This  is  a  necessary,  although  a 
somewhat  unconventional  practice,  since  approximately  8 0$  of  the  failure  data 
collected  on  nonelectronic  parts  is  from  the  airborne  environment.  This  was 
therefore  the  only  environment  on  which  failure  data  was  available  on  the 
overwhelming  majority  of  parts  and  this  made  it  the  logical  choice  for  use  as 
a  base. 

The  k  factors  presented  display  the  expected  relationships  to  one  smother  with 
but  few  exceptions.  Helicopter  failure  rates  due  to  the  characteristics  of 
their  severe  vibration  environment  are  generally  higher  than  those  for  air¬ 
borne  applications  as  shown  by  k  factors  greater  than  1.  The  k  factors  for 
ground  and  laboratory  applications  are  generally  lever  than  airborne  as  ex¬ 
pected.  The  inconsistencies  in  the  table  wherein  laboratory  failure  rates 
for  soldered  and  wire  wrap  connections  appear  to  be  higher  are  due  to  acceler¬ 
ated  life  tests  performed  in  the  laboratory.  In  the  case  of  valves  the  ground 
environment  appears  to  be  more  severe  than  air  but  this  data  Is  dominated  by 
failure  reports  from  static  test  firings  of  missile  motors. 

A  special  rule  was  used  in  generating  k  factors  for  environments  where  no 
failures  were  observed.  Upper  one  sided  30$  confidence  limits  were  calculated 
in  these  cases  and  the  midpoint  between  zero  and  this  limit  was  used  as  a 
point  estimate.  An  example  of  this  is  shown  in  the  table  on  the  facing  page. 
Ball  bearings  in  the  air  environment  have  a  failure  rate  of  6.44  failures  per 
million  hours.  This  part  type  used  for  546,900  hours  in  the  ground  environ¬ 
ment  displayed  no  failures.  The  upper  one  sided  90#  confidence  limit  was 
4.21  failures  per  million  hours.  The  midpoint  between  0  and  4.21  was  2.1. 

Then  2.1  divided  by  6.44  yields  a  k  factor  of  .3  a*  shown  in  the  facing  table. 
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4,0  Data  Analysis 

4.4  Environmental  Differences  in  Failure  Rates 
4.4.2  STATISTICAL  TESTS  OF  SIGNIFICANCE 

Statistical  tests  of  significance  were  employed  to  compare  the  observed  dif¬ 
ferences  in  overall  failure  rates  for  given  part  types  operated  in  the  various 
environments. 


When  the  grouped  failure  rates  for  a  given  part  type  used  in  several,  different 
environments  were  compared,  the  differences  observed  were  not  always  large. 
Therefore,  it  was  necessary  to  employ  statistical  tests  of  significance  to 
determine  if  the  differences  could  be  construed  to  liave  occurred  by  chance  or 
if  they  resulted  from  true  differences  in  the  life  characteristics  of  the 
nonelectronic  parts  of  interest  when  they  were  subjected  to  separate  environ¬ 
mental  applications. 

The  test  of  significance  used,  takes  advantage  of  the  fact  that  if  two  failure 
rates  being  compared  are  constant  but  not  necessarily  equal  then 

2 T-k.  o 

That  is  1.1  is  distributed  as  the  ratio  of  two  X  random  variables  with 

2T^2 

2^+2  and  2r2-»2  degrees  of  freedom  respectively.  These  degrees  of  freedom 

were  used  because  it  was  reasoned  that  the  data  collected  in  this  study  was 
more  likely  to  have  been  generated  in  t ime  truncated  tests  rather  than  in 
failure  truncated  operation. 

Then  under  the  null  hypothesis  that  li  =*  ^2*  C  is  distributed  as  the  F  dis¬ 
tribution  with  2ri  +  2  and  2r2  ♦  2  degrees  of  freedom  where  r  is  the  observed 
number  of  failures,  and  it  may  be  used  as  a  test  of  significance  between 
failure  rates. 

The  facing  page  shows  an  example  of  the  results  of  the  tests  of  significance. 
Failure  rates  of  welded  connections  from  ground  and  air  applications  were  com¬ 
pared.  The  ratio  of  Aground  to  4ai,r  is  the  F  ratio  of  .04  In  this  case.  To 
determine  if  significance  exists  the  F  ratio  must  be  compared  to  a  value  from 
&  table  of  the  F  distribution  for  10  and  20  degrees  of  freedom.  Since  the 
ratio  of  the  failure  rate6  is  less  than  1,  the  F.q^  value  from  the  table 
(.36  in  this  example)  is  not  to  be  exceeded  in  order  to  observe  a  significant 
difference  between  the  two  failure  rates.  Since  .04  <  .36  it  may  be  said 
that  the  ground  failure  rate  is  significantly  less  than  that  of  air  at  the 
F.05  level  of  significance. 
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EXAMFLE  OF  F  TEST  FOR  DETERMINING  IF 
NONELECTRONIC  PARTS  EXHIBIT  STATISTICALLY 
DIFFERENT  FAILURE  RATES  IN  DIFFERENT  “ENVIRONMENTS 


Part  Type: 
X  GROUND 

X  S3 

AIR 


Connections,  Welded 
.0022  failures/million  hours. 

.052  failure s/million  hours. 


Number  of  Failures  (Ground)  =  4 
Number  of  Failures  (Air)  «  3 


Deg-’  s  of  Freedom  (Ground)  = 
De  ‘ees  of  Freedom  (Air)  =  20 


GROUND 

r~ — 

AIR 


.0022 

.052 


F  Ratio  ^.05 
.04  .36 


10 


Since  .04  <  .36,  then  the  failure  rate  for  welded  connections  in  the 
ground  environment  is  significantly  less  than  the  failure  rate  for 
the  same  type  of  connection  used  in  air  applications 


4.0  Data  Analysis 

4.5  Testing  Prediction  Models 

4.5.1  REGRESSION  MODELS 


Since  there  is  evidence  that  the  statistical  methods  required  for  use  on  non¬ 
electronic  parts  are  more  complex  than  those  conventionally  used  for  elec¬ 
tronic  parts,  a  search  was  made  for  regression  models  with  demonstrated  use¬ 
fulness  in  the  prediction  of  the  life  characteristics  of  nonelectronic  parts. 

The  search  for  prediction  models  useful  for  nonelectronic  parts  was  success¬ 
ful  in  finding  models  which  had  proved  valuable  in  estimating  the  life  charac¬ 
teristics  of  relays  and  switches.  This  uopic  and  the  two  subsequent  topics 
discuss  briefly  the  models,  their  use  and  degree  of  validation  but  refer  to 
the  reference  documents  for  detailed  descriptive  information. 


Perhaps  the  most  successful  model  appears  to  be  that  described  in  Reference 
19«  It  is  basically  a  regression  model  of  the  form 


»0  *  Vi  * 


V2  4 


W 


Vxi2  * 


’22*2 


b„,  x  _ 

33  3 


312X1X2 


*  b13XlX3  +  *23*2*3 


where  Y  *  the 
x  *  the 


Weibull  parameter  of  interest 

various  operating  or  environmental  stresses  applied. 


The  model  was  developed  by  performing  a  central  composite  factorial  design  on 
several,  different  relay  designs.  The  tests  were  run  with  varying  values  of 
contact  current,  actuation  rate,  and  ambient  temperature  applied  in  combina¬ 
tion.  All  other  factors  were  held  constant.  The  observed  failure  times  were 
distributed  as  Weibull  with  the  general  consensus  of  an  increasing  hazard 
rate.  Regression  equations  were  calculated  on  the  Weibull  shape  and  scale 
parameters.  These  were  then  converted  to  stress  versus  Weibull  parameter 
curves.  One  such  curve  is  shown  on  the  facing  page. 


It  was  thought  advisable  to  compare  any  relay  data  collected  during  this  study 
with  this  model  for  general  agreement.  Therefore,  six  pieces  of  failure  in¬ 
formation  on  relays  were  found  with  enough  detail  as  to  operating  and  environ¬ 
mental  conditions  to  warrant  a  comparison  with  the  present  model.  The  six 
points  ore  plotted  ou  the  sample  curve  on  the  facing  page.  Confidence  limits 
were  calculated  by  computer  simulation  methods  and  did  not  show  significant 
differences  in  the  Weibull  parameter  estimates  The  strongest  argument  in 
favor  of  the  model  for  further  consideration  is  the  fact  that  two  separate 
tests  on  the  exact  same  relay  type  yielded  results  which  agreed  closely.  It 
might  be  possible  that  differences  in  relay  design,  or  manufacturer  would  re¬ 
sult  in  slightly  different  expressions  for  the  regression  equations  but  it  is 
expected  that  the  same  general  methodology  could  be  used  in  developing  the 
proper  equations.  The  general  model  could  perhaps  be  useful  for  other  non¬ 
electronic  parts  with  Weibull  failure  times  and  increasing  hazard  rates. 


BULL  SHAPE  PARAMETER  (/S) 


4 . 


Relay  Data  Compared  to  Regression  Model  for  Weibull  Shape  Parameter  (/9)  at  60 
C.P.M.  (Reference  19) 


PS:' 

m 

SL.'.r  . 


4.0  Data  A.nalys.'1  c, 

4.5  Testing  Prediction  Models 
4.5.2  TIME  TRANSFORMATION  MODELS 

A  predictior.  model  based  on  the  conventional  k  factor  approach  used  for  elec¬ 
tronic  parts  has  been  shown  to  be  useful  in  estimating  the  1st fa  character! e- 
tics  of  relays. _ _ _ _ _ _ _ _ 

The  models  of  interest  in  this  topic  were  fully  described  In  RADC  Tfl  65-46 
"Accelerated  Reliability  Test  Methods  for  Mechanical  and  Electromechanical 
Parts. "  There  they  were  used  for  predicting  life  characteristics  of  relays 
and  switches  at  rated  operating  and  environmental  conditions  from  tests  per- 
f onset,  at  overstress  conditions.  Contact  current,  ambient  ternTjerature,  and 
actuation  rate  applied  in  combination  were  the  accelerating  stresses. 

Th->  failure  times  of  the  relays  tested  were  distributed  according  to  the 
Weibull  with  an  increasing  hazard  ,n*te.  Three  models  were  tested  to  predict 
part  life  characteristics  at  other  stress  levels.  The  conversion  algorithms 
for  the  three  modelG  are  shown  in  tabular  form  at  the  top  of  the  facing  page. 
The  symbols  in  the  algorithms  arc  defined  in  Appendix  7*1*  Weibull  shape  and 
scale  parameters  from  parts  tested  at  one  set  of  combined  stresses  ere  used 
in  the  algorithms  to  predict  Weibull  shape  and  scale  parameters  of  the  partr 
If  they  were  to  be  operated  at  other  stress  levels. 

In  the  present  study,  data  was  m  •’ht  that  could  be  used  in  the  three  models 
to  determine  if  any  of  them  were  ua..^.  in  the  prediction  of  che  reliability 
of  nonelectronic  parts.  Exercising  the  models  required  failure  information 
from  tests  performed  on  the  same  part  type  at  two  diff  cut  combined  etreou 
levels  from  tests  performed  at  two  different  +'■  per 

Data  fulfilling  these  requirements  was  located  ir.  R  rences  19  and  J3-  Iden¬ 
tical  tests  were  run  in  1964  and  in  1966  on  Strut her l -Dunn  FC -21$  relays  ut 
different  stress  corabinatt ons.  Two  sets  of  results  from  each  test  were  tried 
in  the  three  prediction  models-  The  test  conditions  and  che  Wei  tall  ..hate 
and  scale  parameter  estimates  used  are  shown  on  the  facing  page  under  t. 
title  "Inputs  to  Algorithms." 

The  observed  Weibull  parameter  timates  were  then  compared  with  those  calcu¬ 
lated  in  each  of  the  three  moueus.  Confidence  limits  were  generated  by  use 
of  a  computer  simulation  program.  The  results  shown  at  the  bottom  of  the 
facing  page  Indicate  that  Model  #5,  featuring  a  constant  ratio  of  the  hazard 
rates  at  different  stress  levels  is  validated  while  the  others  are  rot.  Model 
#5  i o,  in  fact,  the  classical  k  factor  used  08  a  prediction  mo  .el  in 

the-  exponent'll  case  The  reason  for  ♦'be  more  complex  algorithm  is  that  the 
Weibull  shape  parameter  la  generally  not  equal  to  1  for  nonele"  renic  parts. 
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Model  Nc.  2 

Transformation  on 
Cumulative  X  allure 
Distribution 

*  'Z, 

Q* 

pr 

^■3A  /  W?A 

’  ( V 

PN  ’  *A 

Model  No.  4 

Transformation  on 
Hazard  Rate 

...  *A%  /  ?i-‘ 

v“ir/nV> 

/wv 

Model  No.  5 

Constant  Ratio  of 
Hazard  Rates 

— 

~*  /5 n^a\  qa 

^  \5A  V  PA 

PN  "  P1  '  %  -  PA> 

Inputs  to  Algorithms: 
a  7.57  y  io21  0  «  4.15 


aA  .  4.83  x  iO13  ?A  -  2.65 
a*  »  1.21  x  io8  P*  «  1.54 


Source 


Reference  53 

(10  sunps,  5  cycle c/min., 

75°C) 

Reference  53 

(13  amps,  51  cycle s/min., 
1256C) 


Reference  19 

(13  amps,  51  cycles/min., 
125°C) 


New  Ncr.-nal  Stress  Weibull  Parameter  Estimates: 


Observed 


Calculated 


Reference  19 

(10  snips ,  5  cycles/min.,  7 5°C  )  Model  No.  2  Model  No.  4 


0* 


0.90 

a* 

N 


1  :c  10 


31 


’  70  x  10 

13 


19 


ao.io  "6xl0 


K 


0.90 


3* 

N 

3* 

0.10 


5-90 

3.62 

2.97 


o  TO 

6.99  X  10"  C.6  ::  10 


2.41 


2.03 


Model  No.  5 
2.4  x  1016 
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4.0  Data  Analysis 

4.5  Testing  Prediction  Models 

4.^.3  RADC  RELIABILITY  NOTEBOOK,  VOLUME  II,  RELAY  MODEL 

The  model  for  predicting  relay  failure  rate  in  the  RADC  Reliability  Notebook, 
Volume  II,  requires  further  development  of  relative  reliability  grade  level 
to  extend  the  flexibility  of  its  application. _ _ _ _ _ 

The  failure  rate  prediction  models  in  the  RADC  Reliability  Notebook,  volume 
II,  RADC  TR  67-108,  were  exercised  using  as  much  sufficiently  detailed  infor¬ 
mation  as  had  been  collected  in  NEDCO  and  the  resulting  failure  rates  were 
compared  to  those  obtained  fran  the  actual  testing.  Data  of  sufficient  quali¬ 
ty,  i.t. with  known  detailed  part  descriptors  and  operating  parameters,  were 
found  for  relays  and  switches,  only  two  of  the  parts  studied  in  the  RADC  Re¬ 
liability  Notebook,  Volume  II.  The  relay  model  is  discussed  below  and  the 
switch  model  in  the  next  topic. 


The  failure  rate  prediction  model  for  relays  is  given  by  the  following  equa¬ 
tion; 

XR  ■  V"l  *  \  *  r'E  *  "eye  *  V' 


where  X^  *  predicted  relay  failure  rate 


X  ■  basic  failure  rate  dependent  upon  operating  temperature  and 
temperature  rating  of  the  relay 

Ti-  -  factor  based  cn  load  and  percent  rated  resistive  load 

Ad 

TTC  «  factor  based  on  quantity  and  form  of  contacts 

TTg  *=  factor  based  on  conditions  of  environmental  service 

tt  3  factor  based  on  cycling  rate 
eye 

■=  factor  based  on  relay  family  type  and  construction. 


Actually,  two  different  relay  equations  exist  since  in  the  PADC  Reliability 
Notebook,  Volume  II,  dlffez'entiation  is  made  with  respect  to  reliability  char¬ 
acteristics  by  giving  different  multiplicative  factors  for  upper  and  lower 
limits  of  relay  reliability  grade,  in  the  figure  opposite  and  in  the  com¬ 
plete  table  of  calculated  results  giver  in  the  Appendix  Subsection  7*2,  ref¬ 
erences  to  tho  up^er  and  lower  reliability  grade  levels  are  made  by  the  super¬ 
scripts  U  and  L  leepectively,  on  certain  favors  in  the  model.  In  cases  where 
the  complete  information  demanded  by  the  model  was  not  provided  by  the  data 
cource,  either  operation  at  rated  conditions  was  assumed  or  the  limiting  val¬ 
ues  for  the  factors  in  the  equation  was  used.  The  effect  produced  is  to  make 
the  upper  reliability  grade  estimate  of  failure  rate  at  least  as  low  aa  the 
missing  information  could  make  it.  And,  of  course,  *be  lower  reliability  grade 
estimate  of  failure  rate  at  least  as  nigh  as  the  missing  information  could 
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make  it.  So,  this  conservative  practice  widens  the  gap  between  upper  relia¬ 
bility  grade  and  lower  reliability  grade  estimates  of  failure  rate. 

The  figure  below  presents  a  typical  calculation  of  the  factors  in  the  relay 
model  and  the  resulting  failure  rate  prediction  (in  percent  per  thousand 
hours),  obtained.  Also  given  is  the  observed  failure  rate  X  (in  percent  per 
thousand  hours),  from  the  source  of  the  data.  Data  used  to  .enerate  the  nu¬ 
merical  factors  for  this  example  came  from  the  Hughes-conducted  study,  Accel¬ 
erated  Reliability  Test  Methods  for  Mechanical  and  Electromechanical  Parts, 
Technical  Report  No.  RADC-TR  65-46.  No  testing  of  the  model  could  be  per¬ 
formed  with  data  on  relays  run  at  accelerated  contact  current  since  determina¬ 
tion  of  the  multiplicative  factor  TT  is  limited  in  the  Notebook  by  a  maximum 
ratio  of  load  to  rated  resistive  load  of  1.0. 

One  notes  in  the  figure  below  that  the  dominant  multiplicative  factor  in  the 
prediction  model  is  TTCyC,  the  factor  determined  by  cycling  rate.  Particular¬ 
ly  for  high  cycling  rates  does  the  predicted  failure  rate  X  reflect  the  mod¬ 
el's  sensitivity  to  TTcyc;  for,  as  the  cycling  rate  increases,  the  gap  between 
the  upper  reliability  grade  cycling  rate  factor,  TT  U  f  and  the  lower  relia- 

L  c^c 

bility  grade  cycling  rate  factor,  TT  ,  widens  so  that  a  wide  range  between 
U  L  eye 

X^  emd  Xr1  is  produced.  In  such  cases  of  high  cycling  rate  tests  especially, 
unless  one  is  certain  that  the  relay  he  is  using  1b  of  the  upper  or  lower 
reliability  grade,  as  defined  by  the  Notebook,  he  must  arbitrarily  decide 
which  value  between  the  relatively  widely  separated  predicted  failure  rate 
limits  is  applicable  to  his  relay.  Note  that  in  the  example  given  below,  the 

ratio  of  Xjj  to  XR  is  144- .  Certainly,  it  would  be  difficult  to  obtain  a  fail¬ 
ure  rate  prediction  for  a  relay  which  did  not  conform  in  its  relevant  data 
exactly  to  the  Notebook  definition  of  either  the  upper  or  the  lower  g'tule  of 
reliability.  A  quantitative  measurement  of  the  degree  of  reliability  grade 
of  the  relay  Is  needed  so  that  one  may,  with  some  authority,  select  a  value 
between  tbe  upper  and  lower  grade  reliability  level  failure  rate  limits  set 
by  the  Notebook. 


X  is  expressed  in  failures  per  million  operating  hours 


|  Factors  in  Prediction  Equation 

% 

$ 

Observed 

X 

V 

XL 

nc 

t£ 

E 

4 

TT  U 

eye 

TT  L 
eye 

TT0 

F 

tt£ 

F 

.0025 

5 

3 

1 

2 

3,600 

129,600 

_ 

5 

10 

67.5 

9,720 

2,042.4 

Typical  Calculation  of  Relay  Failure  Rate 
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4.0  Data  Analysis 

4.5  Testing  Prediction  Models 

4.5.4  RADC  RELIABILITY  NOTEBOOK,  VOUJME  II,  SWITCH  MODEL 

The  switch  failure  rate  prediction  model  in  the  RADC  Reliability  Notebook, 
Volume  II,  requires  development  of  a  guide  to  relative  part  reliability  grade 
to  increase  Its  utility. _ _ 


NEDCO-collected  data  of  sufficient  detail  in  part  description  and  operating 
conditions  was  used  to  exercise  the  relay  and  switch  models  in  the  Notebook. 
The  relay  model  is  discussed  in  the  preceding  topic  and  the  switch  model  dis¬ 
cussion  is  given  below. 

Only  data  on  single-body  type  switches  was  tested  in  the  Notebook  model.  The 
model  for  predicting  single-body  type  switch  failure  rate  is  given  by  the 
following  equation: 


SW 

where  V 


SW 


TT 


eye 


IT. 


E 


*G 


X,  (tt  x  rr  x  tt  x  n  ) 
b'  eye  CEO' 

«  predicted  switch  failure  rate 

*  base  failure  rate  dependent  upon  switch  construction  type 
»  factor  based  on  on-off  cycling 

»  factor  based  on  contact  form  and  quality 

*  factor  based  on  conditions  of  environmental  service 
«  factor  based  on  upper  and  lower  reliability  grade. 


A  typical  comparison  of  the  predicted  failure  rate  and  the  observed  one  is 
given  in  the  figure  opposite.  The  source  of  the  data  used  is  the  same  as 
for  the  relay  failure  rate  prediction  example.  Accelerated  Reliability  Test 
Methods  for  Mechanical  and  Electromechanical  parts,  Technical  Report  No.  RADC 
TR  65-46. 

Consideration  for  upper  and  lower  limits  of  switch  reliability  grade  in  the 
model  makes  two  different  switch  failure  rate  prediction  equations.  None  of 
the  test  data  wus  found  to  lie  between  the  Notebook  predicted  Units.  Still, 
the  ratio  of  the  higher  estimate  of  failure  rate  to  the  lower-  one,  Xg^/X^j 

given  by  the  Notebook,  is  so  large  ir  every  case  aE  to  suggest  the  need  for 
seme  quantitative  guide  to  selecting  failure  rate  values  between  the  limits 
set  by  the  Notebook. 


^  is  expressed  in  failures  per  million  operating  hours 


4.0  Data  Analysis 

4.6  Failure  Mode  Analysis 


The  failure  mode  information  collected  indicates  that  the  predominant  failure 
mode  for  moat  nonelectronic  parts  is  relatively  insensitive  to  application 
environment . 


In  solid  tine;  failure  information  for  this  study  on  the  reliability  charac¬ 
teristics  of  nonelectronic  parts  many  reports  were  collected  that  contained 
detailed  failure  mode  data. 

It  was  therefore  decided  to  analyze  this  body  of  information  to  determine  if 
there  were  significant  changes  of  failure  mode  when  a  part  type  was  used  in  a 
different  application  environment. 

The  tabulation  on  the  facing  page  is  a  listi.ng  of  the  different  nonelectronic 
part  types  on  which  failure  mode  information  was  collected  coupled  with  the 
most,  frequently  occurring  reason  for  failure  for  each  environment  on  which 
detailed  information  was  available.  The  complete  listing  of  every  failure 
mode  observed  for  each  part  type  is  presented  in  Appendix  Subsection  7-12. 

An  analysis  of  the  information  on  the  facing  page  yields  the  overall  conclu¬ 
sion  that  for  the  nonelectronic  parts  on  whi ch  failure  information  is  availa¬ 
ble,  there  appears  to  be  no  great  difference  in  failure  mode  when  the  part  is 
used  in  environmental  applications  of  varying  severity.  This  is  probably  a  re¬ 
flection  of  the  fact  that  most  nonelectronic  parts  are  designed  specifically 
for  a  given  function  in  o  specific  piece  of  equipment  as  opposed  to  being  off- 
the-shelf  items  specified  for  a  wide  range  of  uses.  The  designer  for  non¬ 
electronic  parts  very  likely  also  uses  a  larger  factor  of  safety  for  specific 
part  applications  where  he  has  a  mere  personalized  input  to  an  equipment  de¬ 
sign. 

There  are  specific  instances  of  failure  mode  changes  over  environment  which 
are  evident  in  the  information  presented  on  the  feeing  page.  For  example, 
relays  fail  most  frequently  because  of  open  contacts  in  ground  applications, 
while  in  high  vibration  applications  such  as  helicopter,  simulated  missile, 
and  laboratory  (accelerated  tests)  the  major  cause  of  failure  is  arcing  or 
unstable  operation.  Relay  designers  have  attempted  to  remedy  this  situation 
by  specifying  bifurcated  contacts  so  that  at  least  one  of  the  two  contact  sur¬ 
faces  can  keep  the  circuit  closed  during  high  vibration  applications.  The 
failure  reports  on  which  these  failure  mode  changes  were  based  were  net  de¬ 
tailed  enough  to  describe  whether  these  contact  configurations  were  used  in 
the  high  vibration  environments.  It  would  appear,  however,  to  be  a  reasonable 
design  guideline  for  inclusion  into  the  list  of  design  tradeoffs  when  specify¬ 
ing  relays  for  severe  envi ronments. 

Switches  display  the  same  type  of  failure  mode  change  as  do  relays  in  going 
from  ground  to  high  vibration  applications.  All  the  ether  nonelectronic  parts 
on  which  failure  mode  data  were  collected  were  not  greatly  affected  by  environ¬ 
mental  changes. 
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Bearings 

Air 

Ground 

Helicopter 

Actuators 

Air 

Ground 

Helicopter 

Connectors 

Ground 

Missile 

Generators 

Air 

Helicopter 

Pumps 

Air 

Ground 

Helicopter 


Relays 

Ground 

Helicopter 

Lab 

Simulated 

Missile 


Predominant 
Failure  Mode 

Excessive  Wear 
Excessive  Wear 
Scored 


Leaking 

Leaking 

Leaking 


Excessive  Wear 
Shorted 


Leaking 

Leaking 


Open 

Arcing 

Drlft/lJnstnble 
Dr if t/Un stable 


Switches 

Air 

Ground 

Lab 

Simulated 

Missile 

Tanks 

Air 

Helicopter 

Thermostats 

Air 

Ground 


Air 

Helicopter 

Valves 

Air 


Open/intermittent 
Mechanical  Damage 


Leaking/ Improper 
Operation 


Transducers 


Air 

Helicopter 

Lab 

Missile 


Transmitters 


Resistors,  Variable 


Ground  Drift 

Simulated  Air  Noisy 


Predominant 
Failure  Mode 

Mechanical  Damage/ 
Failed  to  Operate 

Open 

Drift/Unstable/ 

Erratic 

Drift/Unstable/ 

Erratic 


Leaking 

Leaking 


Output  Low 
Drift 


Out  of  Tolerance 
Out  of  Tolerance 
Open 

Output  out  of  Toler¬ 
ance 


Out  of  Tolerance 
Mechanical  Binding 


Leaking 


Predominant  Failure  Modes  for  Certain  Part -Environment  Combinations 


4.0  Data  Analysis 

4.7  Relationships  Between  Failure  Rates  and  Stresses 


Based  on  the  data  collected,  there  was  insufficient  evidence  to  establish  the 
relationship  between  part  failure  rate  and  the  environmental  and  operational 
stresses  under  which  the  parts  operated. 


Very  few  of  the  failure  reports  collected  contained  a  sufficient  amount  of 
detail  regarding  environmental  and  operating  conditions  during  the  life  of 
the  port.  Where  this  detail  was  present,  these  data  were  used  to  attempt  to 
establisn  the  rate  of  change  of  the  observed  failure  rate  as  a  result  of 
operational  or  environmental  variations. 

Most  of  the  part  reliability  information  collected  was  presented  as  though 
the  failure  rate  was  constant  over  time.  The  efforts  to  establish  stress 
versus  failure  rate  were  therefore  made  using  this  assumption  with  its  atten¬ 
dant  high  risk  of  error.  The  failure  rate  was  viewed  as  the  dependent  vari¬ 
able  and  the  operating  or  environmental  stress  was  treated  as  the  independent 
variable.  Computer  programs  were  employed  to  establish  the  equation  of  the 
line  or  curve  of  best  fit  by  the  method  of  least  squares.  Linear  fits  were 
attempted  with  equations  of  the  form  y  a  a+bx  where  y  was  the  value  of  the 
dependent  variable  (in  these  cases,  failure  rate).  Non-linear  fits  were  at¬ 
tempted  with  curves  of  the  form  y  =  ae^*  and  y  «=  axb.  in  cases  where  temper¬ 
ature  was  the  independent  variable  the  conversion  was  made  to  the  reciprocal 
of  absolute  temperature  for  analysis  as  well  as  °C.  No  fits  were  attempted 
where  leas  than  five  data  prints  were  available. 

Failure  rate  and  operating  and/or  environmental  information  were  compared  by 
these  methods  on  the  following  parts:  For  relays  failure  rate  versus  ambient 
temperature  and  versus  relative  humidity  were  compared.  For  switches,  fail¬ 
ure  rate  verse.,  percent  of  rated  current,  ambient  temperatua  and  relative 
humidity  were  studied  to  determine  if  a  relationship  could  be  found.  For 
fans,  the  effect  on  failure  rate  of  operating  temperature  was  evaluated. 

Linear,  exponential,  sued  power  fits  were  attempted  for  the  above  mentioned 
ports  and  stresses.  The  equations  of  best  fit  are  shown  on  the  facing  page. 
Teats  of  significance  using  the  ratio  of  the  stress  sum  of  squares  and  the 
residual  mean  square  as  fractiles  of  the  F  distribution  indicated  that  none 
of  the  relationships  were  statistically  significant. 

The  meaning  of  this  is  doubtless  a  reflection  of  the  quality  of  the  detail 
of  the  data  which  were-  collected  and  of  the  assumptions  of  exponentlality 
imposed  by  the  manner  of  data  collection  rather  than  proof  that  no  relation¬ 
ship  exists  between  part  life  and  stress  level. 


There  is  evidence  in  the  literature  that  part,  life  versus  stress  relation  • 
ships  can  be  successfully  stated.  References  17,  1 9,  43,  44  and  53  are  exam¬ 
ples  of  this  methodology.  The  successful  use  of  these  methods  requires  the 
recording  of  individual  part  failurt  times  at  each  of  several  stress  levels. 
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*F  Ratio 


Relays 

Failure  Rate  Versus  Temperature,  n  --  12 
Equations: 


Linear  y  =  23.8  -  .23x  .05 
Exponential  y  =  7-9  exp(-.002x)  .000 
Power  y  =  9-4x"*l°9  .012 

Failure  Rate  Versus  Relative  Humidity,  n  =  7 
Equations: 

Linear  y  =  -25.3  +  .96X  .780 
Exponential  y  =  ^.22  exp(.029x)  .001 
Power  y  =  -103xl-l84-  .84(0 


4.96 
4.96 
4 . 96 


6.61 

6.6.1 

6.6l 


Switches 

Failure  Rate  Versus  Rated  Current,  n  =  6 
Equations: 


Linear  y  =  171.6  -  2.62x  .172 
Exponential  y  =  73*3  exp{-.03x)  .000 
Power  y  =  ll4.2x"*52  .001 

Failure  Rate  Versus  Tempers ture ,  n  =  14 
Equations: 

Linear  y  66.76  -»  -35x  .005 
Exponential  y  =-  29. 46  exp(-.Olx)  .000 
Power  y  -  92 . l4x ~ • ^  .000 

Failure  Rate  Versus  Relative  Humidity,  n  =  8 
Equations: 

Linear  y  =  489.6  -  5 • 7 Ox  .214 
Exponential  y  -  10.02  exp(.003x)  .000 
Power  y  -  84 . Btix ~ 16  .000 


*F  Ratio  must  exceed  f  for  significance. 

.  Q  ) 


7  71 
7-71 
7-71 


4.75 

4.75 

4.75 


5-99 

5-99 

5-99 


Summary  of  Failure  Rate  Versus  Stress  Equations 
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S.C  Conclusions 


The  general  conclusions  based  on  the  findings  of  this  study  are  that  much 
failure  data  is  available  on  nonelectronic  parts  although  its  utility  is  open 
to  question  due  to  its  lack  of  completeness. 


The  following  is  a  summary  of  the  specific  conclusions  based  on  this  study 
program: 


«  38s?6i  line  entries  of  failure  information  on  nonelectronic  parts  has 

been  collected,  classified,  organized,  stored  on  computer  tape,  and  printed 
out  in  the  Appendix  of  this  report. 

•  Much  more  data  is  available  on  nonelectronic  parts.  It  was  encountered 
during  the  Data  Search  phase  of  this  study  but  was  in  raw  form  and  thus 
its  collection  would  have  been  too  costly  for  incorporation  into  this 
data  bank  at  the  present  time. 

•  More  failure  data  is  recuired  on  certain  part  types  and  on  certain 
environmental  applications  in  order  to  yield  more  accurate  estimates 
of  the  reliability  characteristics  on  the  whole  spectrum  of  parts  and 
application  and  to  enrich  the  data  base  on  nonelectronic  parts. 

•  The  statistical  methods  of  reliability  in  general  use  for  electronic 
parts  must  be  augmented  for  use  on  nonelectronic  parts  whose  failure 
times  are  distributed  according  to  other  than  the  exponential  distri¬ 
bution. 

•  Three  reliability  pr*  .  tion  models  were  tested  for  use  with  nonelectronic 
parts.  Although  none  them  were  completely  validated,  each  demonstrated 
enough  promise  that  th<...  r  -t  further  investigation  and  refinement  for 
development  into  useful  is  for  nonelectronic  reliability. 

•  The  data  collected  during  this  study  effort  were  not  detailed  enough 
to  allow  the  establi slime nt  of  the  relationships  existing  between  part 
life  and  operating  and/or  environmental  stresses. 
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6.0 


Re c or me ndat i one 


The  findings  of  tois  study  together  with  other  significant  contributions  to 
the  field  of  nonelectronic  reliability  should  be  incorporated  into  a  Handbook 
of  Nonelectronic  Reliability - 

In  addition  to  that  stated  above  the  following  actions  are  presented  as 
recommendations  based  on  the  findings  of  this  study: 

•  Reliability  data  on  nonelectronic  parts  must  be  collected  with  more 
detail  regarding  individual  part  failure  times,  part  descriptions, 
and  operating/ environmental  stresses. 

•  The  reliability  prediction  models  discussed  in  Subsections  4.5.1  through 
4.5.4  should  be  the  subject  of  study  to  complete  their  verification  for 
use  on  switches  and  relays  and  their  use  should  be  extended  if  possible 
to  other  types  of  nonelectronic  parts. 

•  More  exact  failure  data  should  be  generated  and  analyzed  in  order  to 
establish  the  relationships  existing  between  the  life  of  the  various 
nonelectronic  part  types  and  the  operating  and  environmental  stresses 
under  which  they  are  used. 

•  The  current  data  base  should  be  augmented  by  collecting  more  failure  data 
on  certain  part -environment  combinations. 
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section  7.0  Appendix 


Subsection  7.1  Algorithm  lor  Calculating  Life  Expectancy  at  Manufacturer's  Rated 
Stress  Conditions  <5  ,  f3fc 


3*  -  estimate  of  Weibull  scale  parameter  for  parts  if  they  had  been  tested 
at  manufactui  er's  rated  operating  and  environmental  stresses 

0t  «  estimate  of  Weibull  shape  parameter  for  parts  if  they  bad  been  tested 
at  manufacturer's  rated  operating  and  environmental  stresses 

3*  *  estimate  of  Weibull  scale  parameter  obtained  from  a  current  test  run 
at  accelerated  stresses 

-  estimate  of  Weibull  shape  parameter  obtained  from  a  current  test  run 
at  accelerated  stresses 

SN  =  estimate  of  Weibull  scale  parameters  from  a  previous  test  run  of 
parts  operated  at  manufacturer's  rated  conditions  - 

=  estimate  of  Weibull  shape  parameter  from  a  previous  test  run  of 
'  switches  operated  at  manufacturer's  rated  conditions 

Sj.  =  estimate  of  Weibull  scale  parameter  from  a  previous  test  run  of 
switches  operated  at  accelerated  stress  conditions 

*  estimate  of  Weibull  shape  parameter  from  a  previous  test  run  of 
switches  operated  at  accelerated  stress  conditions. 
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Section  7*0  Appendix 

-MM* 

-  t  Sub-Section  1,2  TESTING  RADC  RELIABILITY  NOTEBOOK,  VOHJME  II,  RELAY  FAILURE 

rate  prediction  MODEL 

Example  1 

Data  Source:  Reliability  Evaluation  Report  Model  410-26  Relay, 
Teledyne  Precision,  Inc..,"  July  2,  19f>4. 

Description:  Relay  is  125*0  rated  run  at  125WC  with  resistive  load 
at  100  percent  rutlng;  SPOT  contacts;  operating  in  a  laboratory  en¬ 
vironment  at  a  cycling  rate  of  1  cycle  per  second;  balanced  armature 
general  purpose  (0-5  amp). 

4  is  expressed  in  failures  per  million  operating  hours. 

xb  -  0.0065 

rrL  -  5-0 

nc  -  1.75 

TTg  «  1.0 

-  2.0 


Observed  1  «  207.4 


7-3 


Example  2 


Data  ^Source:  Schafer,  R.  and.  Yurkcvsky,  W.,  Accelerated  Reliability 
for  Nonelectronic  Parts,  Technical  Report  So.'  RAfic-TR-66-4^5, 


Dtt<wptloo{  Relay  18  125°c  *****  «»  *t  25*C  with  resistive  load 
at  100  percent  rating;  DFTJT  contacts;  operating  in  a  laboratory  en¬ 
vironment  at  a  cycling  rate  of  1  cycle  per  second;  balanced  armature 
general  purpose  (0-5  eunp' , 

*  Is  expressed  In  fallurec  per  million  operating  hours. 


b  »  0.0011 


'L 


* 

-4 


IT 


TT 


U 

eye 

l 

eye 


* 

■4 

yU 


4 


5.0 

3.0 

1.0 

2.0 

360 

1,296 

5.0 

10.0 


29 

427 


"I* 

7.7  * 


■  14.4 


Observed  X  »  7,962  (Manufactvjrer  a) 
“  1,975  (Manufacturer  B) 

■  4,139  (Manufacturer  C) 
-  3.065 


Example  3 


Data  Source:  Schafer,  R.  and  Yurkowsky,  W.,  Accelerated  Test  Methodp 
for  Mechanical  and  Electromechanical  Parts,  Technical  Report  No.  RADC~ 
TR-65-U6,  July  196  5. 


Description:  Relay  i8  125° C  rated  run  at  25°C  with  resistive  load,  at 
100  percent  rating;  DFDT  contacts;  operating  in  a  laboratory  environ¬ 
ment.  at  a  cycling  rate  of  1  cycle  per  second;  balanced  armature  general 
purpose  (0-5  amp)* 

X  is  expressed  in  terms  of  failures  per  million  hours. 

Xb  «  0.0011 

ttl  »  5.0 


TT 


3*0 


TTg  *  1.0 


ri 

E 


n 


n 


u 

eye 

L 

T 

eye 

JJ 


2.0 

360 

1,296 

5*0 

10.0 

29.T 

427*7 


14.4 


Observed  X 


5,327 
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Example  4 


Data  Source:  Schafer,  R.  and  Yurk owelty,  W.,  Accelerated  Teat  Methods 
for  Mechanical  and  Electromechanical  Parte,  Technical  Report  No.  RADC- 
TO^P?57"july  lr65. 

Description:  Relay  ie  125°C  rated  run  at  100°C  with  resiative  load  at 
100  percent  rating;  DPDT  contacts;  operating  in  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  1  cycle  per  second;  balanced  armature  general 
purpose  (0-5  amp)* 

1  is  expressed  In  terms  of  failures  per  million  hour*. 


-fi 

-4 


TT 


U 

eye 

L 

eye 


*2 

$ 


0.0025 

5.0 

3.0 

1.0 

2.0 

360 

1,296 

5.0 

10.0 


67.5 

972 


Observed  X  -  5,30 4.6 
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Example  5 


lata  Source;  Schafer,,  R.  auad  Yurkovsky,  V,,  Accelerated  Test 
for  Mechanical  and  Electromechanical  Part s ,  Technical  Report 
TR-05-46,  July  19&5  * 

Description;  Relay  is  125°C  rated  run  at  I50°C  with  resist 
100  percent  rating;  DPDT  contacts.;  operating  in  a  laoorator 
ment  at  a  cycling  rate  of  1  cycle  per  second;  balanced  araa 

purpose  (0-5  amp). 


a  is 

express'd  in 

xb 

«  0.03 

TT 

Jb 

=  5-0 

no 

=  3.0 

* 

=  1.0 

* 

«*  2.0 

rr  u 
eye 

=  360 

TT  ^ 
eye 

-  1,296 

_U 

TT 

F 

-  5.0 '  ;r: 

Tf“ 

F 

=  10.0 

U  ' 

=  3M  j  , 

V'  />u  = 

.66k )  H  R 


~  14.4 


v  =  Id 

1  =  h,o6h,:k 


c+ 


Example  6 

Data  Source;  Schafer,  R.  and  Yurkovsky,  W.,  Accelerated  Test  Methods 
for  Mechanical  and  Electromechanical  Parte,  Technical  Report  No.  RADC- 
TR-2>$-46,  July  1965. 

De  script  ion:  Relay  is  125°C  rated  run  at  25°C  with  resistive  load  at 
100  percent  rating,'  DFDT  contacts;  operating  in  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  10  cycles  per  second;  balanced  armature 
general  purpose  (0-5  amp). 

X  is  expressed  in  terms  of  failures  per  million  hours. 

K  ■  o.ooii 

D 


"c  ”  3-° 


"i  -1-0 


"c"c  -  3"600 

-  129,600 


j  xb/x« 

2,768  )  / 


Observed  X  *  101,904 
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Example  7 


Data  Sources  Schafer,  R.  and  iurkowsky,  W.#  Accelerated  Teat  Methods 
for  Mechanical  and  Electromechanical  Parts,  Technical  Report  No.  RAiDC 
TR-65 -i*6,  July  1965- 

Description;  Relay  is  125°C  rated  run  at  100°C  with  resistive  load  at 
106  percent  rating;  DFDT  contacts;  operating  in  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  10  cycles  per  second;  balance  armature 
general  purpose  (0-5  amp). 

X  is  expressed  in  terms  of  failures  per  million  hours. 


X.  -  0.0025 

D 

"i  “  5*° 

*c  -  3.0 

"2  “  1-0 

St 

TT^  «  2.0 

"eye  -3.600 

TT  L  «  129,600 
eye  ’ 

-  5.0 

TT*"  *  10.0 

F 


-  675 
»  97,200 


L/xu 

p 


144 


Observed  X  ■  20.424  ■ 


Example  S 


Data  Source:  Schafer,  R.  and  Yurkovtky,  W.,  Accelerated  TeBt  Methods 
for  Mechanical  and  Electromechanical  Parte,  Technical  Report  No.  RADC- 
TR-65-46,  July  1965. 

Description;  Relay  is  125aC  rated  run  at  150®C  with  resistive  load  at 
ISO  percent  rating;  UFDT  contacts;  operating  in  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  10  cycles  per  second;  balanced  armature 
general  purpose  (0-5  amp). 


1  is  expressed  in  terms  of  failures  per  million  hours. 


"c 

E 

ri 

E 


U 

eye 

L 

eye 


TT. 


V 


F 


»  0.03 

-  5*0 
•  3»o 

-  1.0 
-  2.0 

»  3/600 
«  129,600 
■  5*0 
-  10.0 


»  8,100 

A* 

*  1,166,400 

ft 

Observed  \  »  30,956 


}  ^ 


144 
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itikw 


gXMBpl*  K> 


feta  Source:  Schafer,  R.  and  Yurkowsky,  W.,  Accelerated  Test  Kathode 
^Megalcil  end  Electrocechanlcal  Parte.  TechnK-a  Report  No.  RADC- 


iuly  1965- 


Description:  Relay  is  125*C  rated  run  at  100*0  with  resistive  load  at 
100  percent  rating;  DFDT  contact*;  operating  in  a  laboratory  environ- 
Bent  at  a  cycling  rate  of  30  cycles  per  second;  balanced  armature 
general  purpose  (0-5  sap). 


A  Is  expressed  in  terns  of  failures  per  million  hours. 


s, 

-  0.0025 

\ 

•  5.0 

"c 

«  3.0 

-4 

■  l.o 

■4 

-  2.0 

n° 

cyo 

-  10,800 

n  *• 
eye 

-  1,166,400 

-  5-0 

*4 

-  30.0 

$ 

-  2,025  ) 

4 

-  &jk,eoo  f 

ed  X 

»  469,763 

432 
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Example  11 


Data  Source:  Schafer,  R.  and  Yurkowsky,  W.,  Accelerated  Test  Methods 
for  Mechanical  and  Electromechanical  Parts,  Technical  Report  No.  RA tC- 
TR-65-^^7"july  1965. 

Description;  Relay  Is  125°C  rated  run  at  15Q#C  with  resistive  load  at 
100  percent  rating;  DPDT  contacts;  operating  In  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  30  cycles  per  second;  balanced  armature 
general  purpose  (0-5  amp) . 

\  Is  expressed  in  failures  per  million  hours. 


10,800 

I,l66,k00 


-  24,300 

-  10,497,600 


Observed  4  *  608,572 


}*/»!! 
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ttMMltf. wt  jfc“J  #*••  n  #sfw>  ^IC'*’***'.  t"4**n  M'  ^-rv^iW-.c^ 


W,  mrw*^ 


Example  12 

Pfct»  Source:  Failure  Rate  Data  (FARADA),  June  19&7 

Peserlptlon:  Relay  run  at  65* C  with  resistive  load  at  100  percent 
rating;  contacts ;  operating  in  a  laboratory  environment  at  a 

cycling  rate  of  21  cycles  per  minute;  sensitive  (0-5  amp) • 


1  is 

expressed  is  failures  per  million  hours. 

A 

b 

»  O.OO65 

\ 

\ 

-  5.0 

"c 

< 

■>  8.0 

-  1.0 

Assumptions 

1.  85°C  rated  relay. 

2.  Limiting  values  of  used 

•4 

®*  2.0 

slnoe  construction  type  is 

unknown. 

r»° 

eye 

-  126 

rr  L 
eye 

-  158.76 

-5 

«■  2.0 

“ 

<4 

-  100.0 

*5 

.  65.5  V 

/ 

Ah -126 

kl. 

-  6,255.7  * 

/  * 

Observed  1  *  12,60 0 


Example  13 

Data  Source:  Failure  Rate  Data  (FARADA),  June  1967. 

Pescarlption:  Relay  run  at  52°C  with  resistive  load  at  0.05  percent 
rating;  Dfcfcr  contacts;  operating  in  a  laboratory  environment  at  2 
cycles  per  second;  latching  (0-5  amp). 

1  is  expressed  in  failures  per  million  hours. 


K  -  0.0015 

D 

\  -1-0 


nc  ■  3-0 

- 1-0 

'a-° 
"<"y=  -  T® 


tt 

eye 


5,184 


"i  *® 


2.  Limiting  values  of  TTp  used, 

since  relay  construction  type 
is  unknown. 


Observed  1  «  288 


Rxastpl*  14 


c  Failure  Bate  Data  (FARADA.),  June  1967* 


Description:  Belay  run  at  125 °C  with  resistive  load  at  IDO  percent 
rating;  operating  in  a  laboratory  environment  at  22  cycles  per  minute; 
latching  (0-5  amp). 


X  la  expressed  in  failures  per  million  hours. 


0.0065 


(limits  are  1.0  and  8.0) 


nh.sk 


21.5  v  . 

k 

1,812.1' 


1.  125*C  rated  relay. 

2.  limiting  values  for  TTC  used, 

since  relay  contact  form  and 
quantity  is  unknown. 

3.  Limiting  values  for  IT  used, 
since  relay  construction  type 
is  unknown. 


-  3M 


Observed  X  »  105.6 
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Example  15 


Data  Source;  Failure  Rate  Data  (FARADA) ,  June  1967. 

Description:  Relay  run  at  125  °C  with  resistive  load  at  100  percent 
rating;  operating  in  a  laboratory  environment  at  22  cycles  per  minute, 
tine  delay  (0-5  amp)  c 


X  is 

expressed  In  failures  per  million  hours. 

s, 

-  O.OO65 

"l 

-  5.0 

"c 

»  (ttalta  are 

H 

• 

O 

1 

09 

• 

O 

< 

•  1.0 

Assumptions 

■4 

»  2.0 

1.  125* C  rated  relay. 

2.  limiting  values  for  TT^  used. 

«  u 

-  132 

since  relay  contact  form  and 

YT 

eye 

quantity  is  unknown. 

n  L 

«  174,24 

eye 

z 

0 

• 

o\ 

■ 

-  12.0 

»  30*6 

/  it 

s1 

I"" 

-  1,067.3 

Observed  1  *  924 


Beserlgtion:  Relay  run  at  25°C  with  resistive  load  at  63  percent 
rating;  S Fiji  contacts;  operating  In  a  laboratory  environment  at  a 
cycling  rate  of  30  cycles  per  minute;  armature  general  purpose 
(0-5  amp). 


*•  lb  expressed  In  failures  per  million  hours. 


s 

«  0.0011 

"l 

-1.9 

"c 

- 1.75 

* 

-  1.0 

’i 

-  2,0 

nu 

-  180 

eye 

rr  L 

-  324 

eye 

< 

«  3*0 

* 

«*  6.0 

*S 

“  1*97  \ 

•  * 

1 

*s 

-  14,2  1 

'.2 


Assumptions 
1.  125°C  rated  relay. 


Observed  X  *.  1*59 


Example  13 

let*  Source ;  FI  nail  Technical  Report  Teak  II,  Statistically  Designed 
Experiment  of  Integral  Capsular  Relays,  Single  Pole  Double -Throw 
Engineering  Test  Models.  General  Electric,  Contract  No.  Ik  36-039 

i#y. — 

Description:  Relay  run  at  125° C  with  resistive  load  at  63  percent 
rating;  sfcTO  contacts;  operating  in  a  laboratory  environment  at  a 
cycling  rate  of  120  cycles  per  minute;  armature  general  purpose 
(0-5  amp). 


X  is  expressed  in  failures  per  million  hours. 
X^  -  O.OO65 


"c  -  1.75 


1.  125“C  rated  relay. 


■  2.0 


V  -  7a> 

"=J=  *  S-1®* 


n£  -  6.0 


^  "  46,7 


7  -20 


Observed  X  ■ 
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Example  SO 

Data  Source;  Final  Technical  Report  Task  II,  Statist! 


Test 


June 


c.  Contract  No. 


Description:  Relay  run  at  75*C  with  resistive  load  at  100  percent 
rating;  SPDr  contacts;  operating  in  a  laboratory  environment  at  a 
cycling  rate  of  6c  cycles  per  minute;  armature  general  purpose 
(0-5  amp). 

X  is  expressed  in  failures  per  million  hours. 

X^  -  0.0016 


-  1.75 


1.  125*c  rated  relay. 


’C  • l'*# 

T1^  m  3.0 

TT ^  m  6.0 
F 


X£  -  217.7 
Observed  X  »  6,3^9 


| */ 


Xj(  -  14.4 


Example  21 

Data  Source:  Final  Technical  Report  Task  II.  Statistically  Designed 
Experiment  of  Integral  Capsular'  Relays,  Single  ftole  Double -Throw 
Engineering  Test  Models,  General  Electric,  Contract  No.  DA  $6-539 
SC-78937,  June  1963. 

Description:  Relay  run  at  75°C  with  resistive  load  at  50  percent 
rating;  SEEr  contacts;  operating  In  a  laboratory  environment  at  a 
cycling  rate  of  60  cycles  per  minute;  armature  general  purpose 
(0-5  amp). 

1  Is  expressed  In  failures  per  million  hours. 


xb  «  0.0016 


Assumptions 
1.  125#C  rated  relay. 


14.4 


Observed  1  •  8,219 
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Example  22 


ta  Sources  Pinal  Technical  Report  Task  II,  Statistically  Deal 


W.rrsx3i 


c,  Contract 


Description:  Relay  run  at  0°C  with  resistive  load  at  100  percent 
rating;  SPOT  contacts;  operating  in  a  laboratory  environment  at  a 
cycling  rate  of  60  cycles  per  minute;  armature  general  purpose 
(0-5  swp). 

1  Is  expressed  in  failures  per  million  hours. 


0.001 


"c  -  1.75 

njj  -  l.o 

“  2*° 


tt  u  -  360 
eye 

TT  L  «  1,296 
eye  * 

rP?  -  3.0 


Assumptions 

1.  125° C  rated  relay. 


kl  "9-5 

"  136 


J  V*5 


Observed  1  -  3,11^ 


Example  23 


Data  Source:  Final  Technical  Report  Task  II,  Statistically JDeslgnc 
Experiment  of  Integral  Capsular  Relay a,  Slpgle  Pole  Double "Throw 
Engineering  Teat  Models,  General  Electric,  Contract  Sol  DA  36-559 
SC-78937,  June  1963* 

Description:  Relay  run  at  150*C  with  resistive  load  at  IDO  percent 
rating;  SPOT  contacts;  operating  in  a  laboratory  environment  at  a 
cycling  rate  of  60  cycles  per  minute;  armature  general  purpose 
(0-5  amp). 


A.  is 

expressed 

s, 

-  0.03 

"l 

■  5«o 

"c 

-  1.75 

< 

»  1.0 

-  2.0 

nu 

eye 

-  360 

TT  L 
eye 

-  1,296 

* 

■  3*o 

■$ 

•  6.0 

>5 

-  263-5  v 

4 

■  4,062  * 

ad  X 

•  2,338 

in  failures  per  million  hours. 


Assumptions 
1.  125*C  rated  relay. 


-  14.4 


Ba—tfU  24 


Source:  Final  Technical  Report  Tack  II,  1 
of  Integral  CaPRiiar  Rciaye,  Sin«io 
i~Teet  Model a.  general'  Electric,  Con 

U5TT55T — 


Taek  II.  Statistically  Designed 
Sitract  No.  tfc  36-5^9 


Peaqrlptlons  Belay  run  at  75*C  vith  resistive  load  at  100  percent 
ratine;  SPUfT  contacts;  operating  in  a  laboratory  environaent  at  a 
cycling  rate  of  22  X/2  cycles  per  sdnutej  armature  general  purpose 
(0-5  asp). 

X  is  expressed  in  failures  per  Billion  hours. 


Xfc  -  0-0016 


\  “  5,0 


%  «  1*75 

»  1.0 

^  .2.0 

n"  -  135 
eye 


"cy."182 

-3.0 

L 

ffy  ■  6.0 


AsaunptioPB 
1.  125*C  rated  relay. 


5-4 
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Example  25 


Data  Source:  Final  Technical  Report  Task  II,  Statistically  Designed 
Experiment  of  Integral  Capsular  Relays,  Slqgle  Pole  Double “Throw 
Engineering  Test  Models,  General  Electric.  Contract  No.  DA  36-039 

SC-7&937,  June  1963. 

Description;  Relay  run  at  75°C  with  resistive  load  at  100  percent 
rating;  SPDT  contacts;  operating  in  a  laboratory  environment  at  a 
cycling  rate  of  160  cycles  per  minute;  armature  general  purpose 
(0-5  amp). 


X  is  expressed  In  failures  per  million  hours. 


0.001 6 


"L  “  5‘° 


nC  “  X*75 

«  1.0 


sumptions 


1.  125°C  rated  relay. 


TT  u  -  960 
eye 

TT  L  «  9,216 
eye 


irfj  ■  6.0 

F 


*  '  |  */« 
^  -  1,548.3*  ' 


Observed  X  •»  4,151 
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Example  26 

Data  Source:  Fontana.,  V.  J.,  Life  Expectancy  of  a  New  Miniature 
fwjtf  Relay.  Technical  Report  ECOM-^^,'  March  19&6.  ""* 

Description;  Relay  is  12  5*  C  rated  run  at  25*  C  with  resistive  load  at 
percexit  rating;  DPX7T  contacts;  operating  in  a  laboratory  envlrra- 
ment  at  a  cycling  rate  of  l4  cycle*  per  minute;  balanced  annature 
medium  power  ($>20  amp)* 


X  ie  expressed  in  failure*  per  million  hour*. 

Xfe  -  0.0011 

itL  -  2.1$ 

«c  •  3.0 

HU  -i-o 

»  2.0 


* 


64 

84 

2.0 

6.0 


xjj  -  1.19 
*  7.14 


6 


Observed  X  ■  1,954 


Vs  k  tstjuwvwr*  «. 


ff 


BxawtfLe  26 

Data  So  ,  ,  _ 

&wsr  Relay,  Technical  Report  ECQM 


Data  Source:  Fontana,  W.  J.,  Life  Expectancy 

2692,  Marc) 


of  a  Rev  Miniature 
March  19&. 


Description:  Belay  is  125°C  rated  run  at  125° C  with  resistive  load 
at  TO  percent  rating;  DH3T  contacts;  operating  in  a  laboratory 
envlronaant  at  a  cycling  rate  of  l4  cycles  per  minute;  balanced 
armature  medium  power  (5-20  amp). 


k  Is  expressed  in  failures  per  million  hours. 


s, 

-  0.0065 

\ 

-  2.15 

"c 

-  3.0 

* 

-  1.0 

-t 

«  2.0 

1." 

-  64 

eye 

_  L 
n 

-  64 

eye 

* 

m  2.0 

* 

»  6.0 

< 

-  7*04  . 

-  42.2  * 

Observed  k  *  1,750 


Example  30 


Data  Source;  Fontjvja,  W.  J.,  Life  Expectancy  of  a  New  Miniature 
Power  Relay,  Technical  Report  E COM- 2^92,"  March  1965.  “ 

Seecri.pt, ion:  Relay  is  125° C  rated  run  at  75° C  with  resistive  load  at 
100  percent  rating;  SFDT  contacts;  operating  in  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  32-1/2  cycles  per  minute;  balanced  armature 
medium  power  (5-20  amp). 


X  is  expressed  in  failures  per  million  hours. 


X^  «  0.0016 


rrL  -  5.0 
nC  «  3-0 

"e  -  1-° 

-  2.0 

t?  u  -195 
eye  ^ 


TT 


L 


eye 


360.25 


^  -  2*0 

«  6.o 

r 


* 


-  9.4 

»  109.5 


-  12 


Observed  X  -  6,094 


) 
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Example  31 


I 


Data  Source:  Fontana,  W.  J.,  Life  Expectancy  of  a  New  Miniature  Power 
Relay,  Technical  Report  ECOM-2692,  March  196^ 

Description:  Relay  is  125°C  rated  run  at  0°C  with  resistive  load  at 
100  percent  rating;  DFDT  contacts;  operating  in  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  32-1/2  cycles  per  minute;  balanced  armature 
mediums  power  (5 -20  amp). 

X  is  expressed  in  failures  per  million  hours. 

K  -  0.001 

D 


nL  -  5.0 

nc  -  3.0 


Observed  X  m  8,064 


) 
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J-  v  .  t  .  . 


i'M 


k  .v  i  ^w?i«*w*w**  '*  "•■"■■’'  ’  • 


‘.’■\»  *'-V!  ">:  T-V-V 


■■  ,v?Vyj*  >  >/‘ 


FI 


pi 


S'  !  '• 


fe  r 


I 


*a^ 


0 


Example  32 


Bata  Source;  Fontana,  V.  J.,  Life  Expectancy  of  a  New  Miniature 
Power  Relay,  Technical  Report  EC0M-£o92,  March  T!$i6£.! 


Description:  Relay  is  125*C  rated  run  at  150*C  with  resistive  load  at 
100  percent  rating;  DPOT  contacts;  operating  in  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  32-1/2  cycles  per  minute;  balanced  armature 
medium  power  (5-20  amp). 


1  is  expressed  in  failures  per  million  hours. 


tt: 


tt” 

E 


E 


u 


IT 


eye 

L 


eye 


»  0.03 
«  5-0 

-  3-0 

-  1.0 
«  2.0 

-  195 
•  380.25 


/ 


<  -2/) 

F 


TT 


*  6.0 
»  176 
«  2 


76  .  / 

|  xr/xr  “ 

,053 7  / 


12 


Oheerved  X-  3,980 
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Example  33 


Data  Source;  Fontana,  W.  J. ,  Life  Expectancy  of  a  New  Miniature 
Power  Relay,  Technical  Report  EC0M-26gc,  March  1966.  * 

Description:  Relay  is  125°C  rated  run  at  75®C  with  resistive  load  at 
100  percent  rating;  DH7T  contacts;  operating  in  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  5  cycles  per  minute;  balanced  armature 
medium  power  (5-20  amp). 

X  is  expressed  in  failures  per  million  hours. 

X.  »  0.0016 

D 

"L  ■  5‘° 

nc  “  3.0 


Observed  X  »  1,?80 
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Example  35 


Data  Source;  Fontana,  W.  J.,  Idfe  Expectancy  of  a  New  Miniature 
Power  Relay,  Technical  Report  ECQM-6697 >  March  19&6. 

Description;  Relay  is  125°  C  rated  run  at  ?5°C  with  resistive  load  at 
55  percent  rating;  DPDT  contacts;  operating  in  a  laboratory  environ¬ 
ment  at  a  cycling  rate  of  32-1/2  cycles  per  minute;  balanced  armature 
medium  power  (5-20  amp). 


A  is  expressed  in  failures  per  million  hours. 
A,  -  0.0016 

D 

rrL  »  1.6 

"o  ■  3-° 


-1.0 
f i  -2-° 


Observed  A  ■  2,1^3 


I 

t; 

f 

I 
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Bxaaple  36 

&SBL Sweet  The  Wheelock  itelay  Story,  Wheelock  Signal  Inc.,  1966 

Sf.f.ffiy**””  Relay  is  run  with  resistive  load  at  0.8  percent  rating: 
•ingle  poTe  contest j  operating  in  a  laboratory  environment  at  a 
cycling  rate  of  20  cycle*  per  second;  glass  reed. 


X  is  expressed  in  failures  per  million  hours. 

X.  -  0.0065 


»  1.0 


(limits  are  1.0  and  I.75) 


-  1.0 


tlj  ■  2.< 


7,200 


"eye  *  518,1*00 

m  2.0 

«  6.0 


Assumptions 
1-  125*C  rated  relay. 

2.  125*C  operating. 

3.  limiting  values  of  ttc  used, 
since  contact  form  is  unknown. 

4.  Vibrating  reed  application  type. 


“  93.6  .  , 

*»/»! 

-  70,720  '  / 


Observed  X  •  14,930 
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Example  37 

Data  Source!  The  Wheeiock  Relay  Story »  Wheelock  Signal  Inc.,  1 966. 

Description:  Relay  is  run  with  resistive  load  at  0.8  percent  rating; 
operating  in  a  laboratory  environment  at  a  cycling  rate  of  100  cycles 
per  second;  glass  reed. 


X  is  expressed  in  failures  per  million  hours. 

X^  -  0.0065 
"l  -1’0 


TT 


If 


Tf 


TT 


U 

eye 

L 

eye 


,U 


"r 

TlJ 

F 

XU 


(limits  are  1.0  and  8.0) 


1.0 


2.0 
36,000 
12, 960,- GOO 


Assumptions 

1.  1250 C  rated  relay. 

2.  125°C  operating. 

3.  Limiting  values  of  tt  used, 
since  contact  form  is  unknowi 

4.  Vibrating  reed  application 
type. 


2.0 

6.0 


468 

8,112,000 


17,300 


Observed  X  »  135 


7-39 


i 


Example  36 


Data  Source:  The  Wheelock  Relay  Story,  Wheelock  Signal  Inc.,  X966. 

Description;  Relay  is  run  with  resistive  load  at  1  percent  rating; 
operating  in  a  laboratory  environment  at  a  cycling  rate  of  6b  cycles 
per  second;  glasc  reed. 

1  is  expressed  in  failures  per  aoillian  hours. 


s, 

-  O.OO65 

"l 

-  1.0 

"c 

*>  (limits  are 

1.0  and  1.75) 

< 

* 

•  1.0 

Assumptions 

1.  125®  C  rated  relay. 

-  2.0 

2.  125°C  operating. 

C 

-  21,600 

3.  Limiting  values  of  ttc  used,  since 
contact  form  is  unknown. 

n  L 

eye 

«  4,665,600 

4,  Vibrating  reed  application  type. 

* 

•  2.0 

-4 

*  6.0 

»s 

-  281  . 

/ 

K 

-  637,000 '  / 

k- 

2,269 

Observed  X  -  110 


Observed  X  »  87 


Example  ^40 

Data  Source:  The  Vheelock  Relay  Story.  Wheelock  Signal  Inc.,  1966. 

Db  script! an:  He lay  is  run  with  resistive  load  at  0.4  percent  rating; 
operating  in  a  laboratory  environment  at  a  cycling  rate  of  60  cycles 
per  second;  glass  reed. 


X  is  expressed  in  failures  per  million  hours. 


s 

-  O.OO65 

"i 

-  1.0 

"c 

m  (limits  are 

1.0  and  8.0) 

* 

-  1.0 

Assumptions 

-  2.0 

1.  125°C  rated  relay. 

2.  125 °C  operating. 

TT  ° 
eye 

-  21,600 

3.  Limiting  values  of  TTC  used,  since 
contact  form  is  unknown. 

TT  L 

eye 

»  4,665,600 

4.  Vibrating  reed  application  type. 

* 

-  2.0 

*  6.0 

■ 

*5 

•  281  v 

r 

bK  ■  10 

-  2,911,090* 

Observed  X  ■  152 


Example  42 

Data  Source;  The  Wfaeelock  Relay  Story,  Wheelock  Signal  Inc.,  1966. 

Description:  Relay  is  run  with  resistive  load  at  20  percent  rating; 
operating  in  a  laboratory  environment  at  a  cycling  rate  of  20  cycles 
per  second;  glass  reed. 


1  is  expressed  in  failures  per  million  hours. 


Xb  «  O.OO65 


nL  -1.1 


_U 

TT 

E 


»S 


(limits  are  1.0  and  8.0) 


1.0 


2.0 


7,200 


518,400 


2.0 


6.0 


Assumptions 

1.  125°C  rated  relay. 

2.  125°C  operating. 

3.  Limiting  values  cf  nc  used, 
since  contact  form  Is  unknown. 

4.  Vibrating  reed  application  type. 


103 

355,619 


3,454 


Observed  A.  «  1,359 
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Sub-Section  7-3  TESTING  RADC  RELIABILITY  NOTEBOOK,  VOLUME  II,  SWITCH  FAILURE 
RATE  PREDICTION  MODEL 


Example  1 

Data  Source:  Failure  Rate  Data  (FARADA),  June  19&7 • 

Description:  Switch  is  4PDT  push  button  run  at  a  cycling  rat  e  of  20 
cycles  per  minute;  operating  in  a  laboratory  environment. 

1  is  expressed  in  failures  per  million  hours. 


e  (limits  are  0.05  and  Q.l) 


TT 

eye 


1,200 


«  1.0 

nG 

-  0.2 

i4 

»  15-0 

Assumptions 


1.  Limiting  values  of  Hq,  X^  used, 
since  construction  detail  is 
unknown. 


Observed  X  ■  11,576 


Example  2 

Data  Source:  Failure  Rate  Data  (FARAXA),  June  19^7 • 

Description:  Switch  Is  SPST  push  button  run  at  a  cycling  rate  of  20 
cycles  per  minute;  operating  in  a  laboratory  environment. 

X  is  expressed  in  failures  per  million  hours. 

X^  «*  (limits  sure  0.05  and  0.1) 

Vt  m  1,200 

eye 


_  m  -  _  1.  Limiting  values  of  tTG,  X^  used, 

jE  *  *  since  construction  detail  is 

..  unknown. 

%  “0-2 


-  1,800 


Observed  X  ■  11,448 


XL  /au 
^SW  /  *SW 


7-46 


Example  3 


Data  Source;  Schafer,  R.  and  Yurkovsky,  W.,  Accelerated  Test  Methods 
for  Mechanical  and  Electromechanical  Farts,  Technical  Report  No.  RADC- 
TR-’Sf-tt,  July  1965.  ~~  ‘ 

Description;  Switch  Is  sensitive  SFDT  snap  action  run  at  a  cycling 
rate  of  70  cycles  per  minute;  operating  in  a  laboratory  environment. 

X  is  expressed  in  failures  per  million  hours. 


X.  -  0.05 

D 


Observed  X  «  21,2^3 


7-^7 


E.*ajnple  4 


Data.  Source:  Schafer ,  R.  and  Yurkowsky,  W.,  Accelerated  Tect  Methods  for 
Mechanical  and  Electromechanical  Part a.  Technical  Report  No.  RADC^TR-65-46, 
July  1955. 

Description:  Switch  is  sensitive  SHOT  snap  action  run  at  a  cycling  rate  of 
150  cycles  per  minute;  operating  in  a  laboratory  environment. 

1  is  expressed  in  failures  per  million  hours. 

-  0.05 

V  -  9,000 

"c  «  1-75 

"e  -  1*° 


Observed  ^  •  70,926 


Example  5 


Data  Source:  Schafer,  R>  and  Yurkowsky,  W.,  Accelerated  Test  Methods  for 
Mechanical  and  Electromechanical  Parts,  Technical- Report  No.  RADC -TR-65-£6, 
July  19^ 

Description:  Switch  is  sensitive  SPDT  snap  action  run  at  a  cycling  rate  of 
300  cycles  per  minute;  operating  in  a  laboratory  environment . 


X  is  expressed 

X  -  0.05 

b 

TT  =  13,000 
eye  ’ 

\  =  1*75 

n£  -  l.o 

Wq  =  0.07 

-  36.0 

^  ■  110-3  | 
XSM  -  5«.700 

Observed  X  =  187,652 


in  failures  per  million  hours. 


7-1*9/7-50 
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Subsection  7-4  CONTRIBUTING  SOURCES.,  FAILURE  DISTRIBUTION  CONSENSUS 


Source  numbers  refer  to  the  Bibliography,  Subsection  7*8* 

Bearings 

Source  No.  22 

Opinion:  Weibull,  S  ■  .93 

Source  No.  30 

Opinion:  Weibull,  1  <  0  <  3 

Source  No.  31 
Opinion:  Weibull 

Source  No.  29 

Opinion:  Weibull,  0.54  *  0  *  3-82 
Source  No.  8 

Opinion:  Weibull,  3  ■  1.17 

Source  No.  49 
Opinion:  Weibull 

Source  No.  11 
Opinion:  Weibull 

Source  No.  1 
Opinion:  Weibull 

Source  No.  38 
Opinion:  Weibull 

Source  No.  21 
Opinion:  Weibull 

Source  No.  26 
Opinion:  Weibull 

Source  No.  47 
Opinion:  Weibull 

Gears 

Source  No.  9 
Opinion:  exponential 

Source  No.  8 
Opinion:  exponential 

7-51 


Gear 8  (Continued) 


Source  No.  11 

Opinion:  Weibull,  3  ®  0.8,  a  -  4.8x10^ 
Gyros 

Source  No.  50 

Opinion:  mixed  Weibull,  «  0.6,  3g  =  2.4 
Source  No.  42 

Opinion:  mixed  Weibull,  @1  =  0.6,  $2  =  1.7 
Motors 


Source  No.  22 

Opinion:  Weibull,  3  =0.76 
Source  No.  5 

Opinion:  mixed  Weibull,  3X  =  0.6,  32  «  1.8l,  0^  =  11.02,  C-2  <*  330.3 
Source  No.  50 

Opinion:  mixed  Weibull,  31  *  O.65,  3g  =  2.25 

Source  No.  10 
Opinion:  exponential 

Pumps 

Source  No.  22 

Opinion:  Weibull,  3  =  O.99 
Relays 

Source  No.  19 

Opinion:  Weibull,  1-5  s  8  £  3.2,  1.56x10°  *  a  &  6.7xlOl6 
Source  No.  17 

Opinion:  Weibull,  3  =>  I.71,  a  =  9.48x10^ 

Source  No.  43 

Opinion:  Weibull,  I.72  SJ  i  3.8,  2.03xl010  *  a  £  8xl022 
Source  No.  44 

Opinion:  Weibull,  3  =  1.68,  a  *  8.15x10^ 

Source  No.  33 

Opinion:  Weibull,  3  =  0.5,  a  <=  448 
Source  No.  22 

Opinion:  Weibull,  0.53  £  0  £  0.63 
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©Relay*  (Continued) 


Source  No.  10 
Opinion:  exponential 

Source  No.  34  12 

Opinion:  Weibull,  P  «  2.0,  a  -  10 

Source  No.  6  g 

Opinion:  Weibull,  P  ®  0.66,  ot  «  1. 54x10 


Seals 


Source  No.  22 

Opinion:  Weibull,  0.8  *  P  *  1.47 

Source  No.  44  — 

Opinion:  Weibull,  P  -  17-75,  a  «  3-5x10^ 

Springs 

Source  No.  22 

Opinion:  Weibull,  P  *  1.47 
Switches 

Source  No.  22 

Opinion:  Weibull,  0.43  *  P  *  0.79 

Source  No.  43  ho 

Opinion:  Weibull,  3-228  *  P  *  7 .88,  2.82x,.0  s  a  s  8.35x10 

Source  No.  44  2i 

Opinion:  Weibull,  P  »  4.07,  a  “  5-38x10 

Source  No.  10 

Opinion:  Weibull,  P  *  0.7 

Valves 

Source  No.  22 

Opinion:  Weibull,  0.8l  s  P  s  0.96 


T— 53/7— 54 
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Subsection  7  •  5  REGRESSION  DATA  FOR  FAILURE  RATE  VERSUS  STRESS 


PART  TYHS:  FANS 


Typical  Temperature 
in  Degrees  Centigrade 

18 

25 

50 

5^ 

55 

60 

125 


Failure  Rate  in  Failures 
Per  Million  Hours 

.26 

31-8 

84.7 

167 

72.3 

250 

52 


PART  TYPE:  RELAYS 


Typical  Relative 
Humldlny  in  Percent 

30 

35 

40 

57-5 

60 

85 

100 


Failure  Rate  in  Failures 
Per  Million  Hours 

50 

10 

•79 

.44 

14.4 

53 

109 


Typical  Temperature 
in  Degrees  Centigrade 


Failure  Rate  in  Failures 
Per  Million  Hours 


PART  TYPE:  SWITCHES 


Percent  of 

Failure  Rate  in  Failures 

Rated  Current 

Per  Million  Hours 

.6 

331 

3 

17 

10 

7 

20 

25 n 

45 

21.8 

75 

10.1 

Typical  Relative 

Failure  Rate  in  Failures 

Humidity  in  Percent 

Per  Million  Hours 

35 

5-15 

4o 

•  127 

12.5 

6o 

6.4 

85 

40 

90 

2^.4 

100 

8.1 

Typical  Temperature 

Failure  Rate  in  Failures 

in  Degrees  Centigrade 

Per  Million  Hours 

-7 

105 

0 

6.1 

7 

92 

10 

186 

25 

7.61 

27 

6.4 

30 

.13 

4o 

353 

45 

40 

50 

1*0 

52.5 

13*7 

55 

5.15 

60 

1.4 

66 

288 
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Subsection  1.6  KL  SUITS  OF  SIGNIFICANCE  TEST  ON  APPLICATION  FACTORS 


a*  a*  a)a  sa 

H  _#  O  Ol  .jj-  ,j* 

*N  •% 

Oi  H 


>» 

I 

cu 

& 

f? 

§ 

Pc 

TJ  *• 

J3  -H 

U  % 

dfl 

<  M 

U  *< 

Ja  *h 

it 

CO  < 

<  < 

<3  < 

CO  < 

i-f  <M 

H  Ci 

H  CvJ 

r~»  CM 

I~t  Cv> 

r*i 

CM 

*0 

4) 

u 

5? 

a> 

•d 

*d 

H 

H 

a 

D 

CO 

r* 

■v 

•s 

W 

CJ 

o 

o 

■H 

+» 

f> 

O 

a 

1 

§ 

6 

o 

7-?r 


Denotes  significance  at  the  F.q^  level. 


Environment*;  Degrees  of  F  Ratio 

Part  Type  Compared  Freedom  (^1/^2) 


lA 

o 

p*' 


& 


co 

JV_ 

« 


co  u~> 

t*-  Jt  co 

*  »  • 


o\ 

-4 


VO 

5“ 
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-P  fH 

cn  < 

ua 

U  w 

v  l  *r  | 

<  a. 

3 

Pi 

H 

c 

3* 

63 

H  CM 

H  CM 

r-i  CM 

rH  CM 

rH  CM 

•H  CM 

H  CM 

rH 

CM 

rH  CM 

0) 

> 

H 


ia 

O 

a. " 


<u 

ja 

+' 
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•H  CV1  * 

4»v<  VO 

ft 

l*i  w 


CM  00  '-£  OJ 

t-  rH  o 

CO  OO  r-« 


Pi 

3 

3 

<* 

3 

•* 

g 

Pi 

as 

CQ  <* 

13 

is 

<  < 

3 

Air 

Gro 

Air 

u  u 
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-5  u 

3  3 

3a 
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H 

eg 
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i  ~jii  -AiMitSi  i 


Denotes  significance  at  the 


snotes  significance  at  tfee  2  Air 
05  level. 
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Denotes  significance  at  the  F  qc  level. 


.05  level. 
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Subsection  7.7  FAILURE  RATES  AND  CONFIDENCE  LIMITS  BY  ENVIRONMENT 


ENVIRONMENT:  AIR 


_ _ Part  Type _ _ 

Actuators,  Hydraulic 
Actuators,  Pneumatic 
Bearings,  Ball 
Bearings,  Rod  End 
Bearings,  Roller 
Capacitors,  Variable,  Air 
Capacitors,  Variable,  Ceramic 
Capacitors,  Variable,  Glass 
Connections,  Soldered 
Connections,  Welded 
Connections,  Wire  Wrap 
Connectors,  Circular,  Multipin 
Connectors,  Coaxial 
Connectors,  Rectangular 
Generators,  AC 
Gyros,  Free -Directional 
Gyros,  Free -Vertical 
Gyros,  Integrating 
Gyros,  Rate 

Pumps,  Electrically  Driven 
Pumps,  Engine  Driven 
Pumps,  Fuel  or  Booster 
Pumps,  Hydraulic 
Pumps,  Vacuum 
Relays,  Armature 
Relays,  Contactor  , 

Relays,  Rotary 

Relays,  Thermal 

Relays,  Time  Delay 

Resistors,  Variable,  Composition 

Resistors,  Variable,  Film 

Resistors,  Variable,  Wirewound 

Seals,  Aerodynamic 

Seals,  Rotary 

Seals,  Stationary 

Switches,  Limit 

Switches,  Pushbutton 

Switches,  Rotary 


Failure  Rate 
(failures  per 
million  hours) 

90$  Confidence 
Limits  (failures 
per  million  hours) 

378.58 

368.02 

_ 

389-50 

72.82 

59*06 

- 

90.45 

6.44 

5*09 

- 

8.24 

7.98 

7.12 

- 

8.89 

.86 

*54 

- 

1.43 

0 

- 

23.26 

0 

- 

41.12 

10.75 

3.62 

- 

51.01 

•  035 

•031 

- 

.039 

.052 

.031 

- 

.091 

c 

- 

.023 

.98 

*89 

- 

1.09 

2.70 

2.26 

~ 

3.30 

22.20 

17.39 

- 

28.62 

1,120 

442.41 

- 

522.43 

1,430 

1,398 

- 

3,464 

1,298 

1,262 

- 

1,334 

368.42 

209.52 

- 

692.00 

351.23 

339.33 

- 

363.61 

321.12 

300.23 

- 

343.37 

664.93 

643. 54 

- 

6731.80 

170.43 

166.18 

- 

174.83 

808.87 

791*19 

- 

827.03 

729.13 

770.64 

- 

814.92 

16.61 

16.35 

- 

16.87 

9-50 

7.57 

- 

12.03 

0 

- 

3,46 . 66 

200 

71.07 

- 

948-77 

27.17 

19.15 

- 

37-71 

18.61 

16.15 

- 

21.4o 

5.34 

2.92 

- 

10.54 

9.94 

8.86 

- 

11.18 

27.35 

20.37 

- 

37-30 

27.55 

25.97 

- 

29.25 

67.58 

65.66 

- 

69.56 

68.77 

65.19 

- 

72.53 

21.39 

18.23 

- 

25.35 

17.04 

15-32 

.. 

19-01 

7  -67 


Environment:  AIR  (Cont'd) 


Failure  Rate  SO%  Confidence 

(failures  per  Limits  (failures 

Part  Type _ million  hours)  per  million  hours) 


Switches,  Snap-Action 
Switches,  Toggle 
Synchros,  Control  Resolver 
Synchros,  Control  Transformer 
Synchros,  Control  Transmitter 
Tanks,  Compressed  Gas 
Tanks,  Riel  Cells 
Tanks,  Reservoir 
Thermostats 
Transducers,  Pressure 
Transducers,  Temperature 
Valves,  Check 
Valves,  Control 
Valves,  Relief 
Valves,  Shutoff 
Valves,  Solenoid 


15.33 

13.62  - 

17.24 

6.91 

6.16  - 

7-78 

139-72 

125.78  - 

155.49 

2.05 

1.24  - 

3.59 

.65 

.23  - 

3.08 

164.75 

157.60  - 

172.29 

160.78 

155-01  - 

166.83 

74.30 

70.88  - 

77.92 

258.21 

250.77  - 

265.91 

848.57 

799.35  - 

901.34 

93-32 

96.99  - 

100.20 

4o 

38.7  - 

4l.4 

138 

134 

142 

46 

44.0  - 

48.1 

88.7 

86.5  - 

91.0 

82 

76.2  ~ 

88.3 

;  ENVIRONMENT:  GROUND 


Part.  Type 

Failure  Rate 
(failures  per 
million  hours) 

90#  Confidence 

Limits  (failures 
per  million  hours) 

.  £ 
* 

1 

i 

1 

Actuators,  Hydraulic 

7-15 

6.34 

- 

,  .0*09 

£ 

j 

Bearings,  Ball 

0 

•,  ,v",  4.21  '  ■ 

1 

Bearings,  Rod  End 

0 

A'  2(34.62 

I 

Capacitors,  Variable,  Air 

66.6 7 

32.84 

"■  A52.56 

•i  ■ 

Capacitors,  Variable,  Ceramic 

•  76 

-35 

«* . 

1-96 

i 

Capacitors,  Variable,  Glass 

0  v' 

- 

93-15 

Connections,  Crimped 

.0073 

.0047 

•- 

10119 

Connections,  Soldered 

.0044 

.0041 

- 

.0047 

j 

Connections,  Welded 

.0022 

.0011 

- 

i0049 

Connections,  Wire  Wrap 

.00000375 

.00000151 

- 

.00001166 

Connectors,  Circular  Multipin 

1.03 

.83 

- 

1.30 

1 

Connectors,  Coaxial 

13-31 

12.60 

- 

14.07 

i 

Connectors,  Rectangular 

‘  0 

.016 

Gyros,  Integrating 

410.26 

338.36 

- 

500.56 

Gyros,  Rate 

163.15 

146.33 

•M 

182.26 

V. 

Pumps,  Fuel  or  Booster 

146.71 

110.25 

198.00 

i 

Pumps,  Hydraulic 

1.68 

.088 

- 

3-52 

3  • 

Pumps,  Vacuum 

0 

- 

1,096 

•t 

Relays,  Armature 

12.54 

10.78 

- 

14.63 

1 

Relays,  Contactor 

1.01 

-58 

- 

1.90 

4 

Relays,  Crystal  Can 

21.28 

7-56 

- 

100.93 

Relays,  Latching 

0 

- 

34.39 

l  elays,  Reed 

3-93 

1-79 

- 

10.15 

Relays,  Solenoid 

0 

- 

4,428 

Relays,  Thermal 

13-07 

6.83 

- 

22.47 

Relays,  Time  Delay 

6.08 

4.42 

- 

8.48 

Resistors,  Variable,  Composition 

7-3 

6.76 

- 

7-90 

Resistors,  Variable,  Wirewound 

2.88 

2.52 

- 

3.29 

Seals,  Stationary 

17-73 

7.61 

- 

32.93 

Switches,  Pushbutton 

.21 

.095 

- 

-54 

'7 

Switches,  Rotary 

1-75 

1-39 

- 

2.22 

Switches,  Snap-Action 

2.27 

1.66 

- 

3-14 

Switches,  Toggle 

-57 

•  50 

- 

.6? 

1 

Synchros,  Control  Resolver 

25-57 

17.31 

- 

38.83 

Tanks,  Compressed  Gas 

506.33 

£49.39 

- 

1,158.67 

Thermostats 

4.08 

3.13 

- 

5-39 

Transducers,  Pressure 

Q60 

511 

- 

1,391 

Valves,  Check 

310 

191 

- 

526 

Valves,  Control 

1,740 

1,133 

- 

2,766 

Valves,  Relief 

714 

391 

- 

l,4o4 

) 
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ENVIRONMENT:  lABGRATOV. 


PSu  t  Type 


Pallor©  Rate 
(failures  per 


905&  Confidence 
i  lLits  (failures 


Capacitors,  Variable,  Ceramic 

.76 

•  3*? 

- 

1.96 

Connections,  Crimped 

0 

- 

95.95 

Connections,  Soldered 

.270 

.o47 

.257 

4» 

.285 

Connections,  Welded 

•  035 

- 

.064 

Connections,  Wire  Wrap 

.251 

.205 

- 

•  309 

Connectors,  Circular,  Multipin 

0 

- 

.75 

Connectors,  Coaxial 

.14 

.05 

- 

0  66 

Connectors,  Rectangular 

.15 

,061 

- 

•  473 

Gyros,  Integrating 

243.41 

166.57 

- 

321.44 

Gyros,  Rate 

69.75 

47.73 

m 

lo4.6o 

Pumps,  Electrically  Driven 

230.04 

187.20 

- 

284.70 

Relays,  Armature 

4.26 

3.32 

- 

5.52 

Relays,  Crystal  Can 

l,4o 

.97 

- 

2.07 

Relays,  latching 

.04 

.01 

- 

.18 

Relays,  Time  Delay 

2.54 

1.16 

- 

6. 56 

Resistors,  Variable,  Composition 

.12 

.05 

- 

.37 

Resistors,  Variable,  Film 

0 

- 

143.9 

Reoistort,  Variable,  Wirewound 

•55 

.37 

- 

.63 

Switches,  Pushbutton 

1.91 

1.32 

- 

2.84 

Switches,  Rotary 

1-79 

.82 

- 

4.63 

Switches,  Snap-Action 

0 

- 

1.81 

Switches,  Toggle 

0 

■r* 

1.02 

Thermostats 

0 

- 

22.06 

Valves,  Chech 

5.00 

1.76 

- 

23.70 

I  «. 


'•el SqpF 


7-70 


ENVIRONMENT: 


HELICOPTER 


Failure  Rate  90$  Confidence 

(failures  per  Limits  (failures 

Part  Type  _ _ k _ _ million  hours) _ per  million  hours) 


Actuators,  Hydraulic 

168.28 

119.34 

. 

242.32 

Generators,  AC 

466.67 

265.39 

876.54 

Generators,  DC 

842.59 

711-21 

- 

1,003 

Gyros,  Free-Directional 

2,650 

2,474 

«■» 

2,850 

Gyros,  Rate 

413.96 

333-93 

- 

517.15 

Pumps,  Fuel  or  Booster 

169.29 

12?  .77 

- 

227.38 

Pumps,  Hydraulic 

391.98 

341k  99 

- 

446.55 

Seals,  Rotary 

320.39 

296.26 

- 

347.42 

Seals,  Stationary 

86.71 

9.76 

m 

268.03 

Synchros,  Control  Resolver 

433.33 

282.13 

m 

68. .95 

Tanks,  Fuel  Cells 

163.82 

135.29 

- 

199.59 

’"'inks,  Reservoir 

634.33 

528.96 

m* 

764.89 

.  Shutoff 

158 

110 

232 

Valves,  Solenoid 

150 

90 

m 

261 

Ewmoimm:  ship 


Failure  Hate  90$  Confidence 
(failures  per  Limit#  (failures 


Bearings,  Ball  .008  .005  -  .015 

Connections,  Soldered  .008?  .0056  -  .0133 


Relays,  Armature 

6.25 

5.51 

7.09 

Resistors,  Variable,  Wireoound 

.19 

.09 

.49 

Synchros,  Control  Resolver 

<54.13 

22.13 

-  170.39 

Transducers,  Temperature 

94.70 

97.09 

-  165.25 

ENVIRONMENT 


Capacitors,  Variable,  Air 
Capacitor®,  Variable,  Glass 
Generators,  AC 
Pumps,  Hydraulic 
Relays,  Armature 
Relays,  Crystal  Con 
Relays,  Rotary 
Relays,  Solenoid 
Relays,  Thermal 

Resistor*,  Variable,  Composition 
Resistors,  Variable,  Wirewc’nd 
Switches,  Pushbutton 
Switches,  Rotary 
Switches,  Snap-Action 
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4 


STORAGE 

allure  Rate 
ii lures  per 
Lllon  hours) 


.08 


.05 


90$  Confidence 
limits  (failures 
per  million  hours) 


0 

0 

0 

.04 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 


8.22 
.165 
•  50 
.15 
.096 
•053 
14.04 
6.22 
5.03 
17.01 
.11 


2.37 


56.16 


6.22 
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ENVIRONMENT:  AIR,  OROUND 


Failure  Rate 


( failure o  per 
million  hours) 


90  %  Confidence 
Limits  (failures 


Peariugo,  Ball 

Connectors,  Circular,  MultlpJjj 
Generators,  DC 
Gyros,  Free  -Direct  ionsl 
Gyros,  Free-Vertical 
Gyros,  Rate 

PttMSP*,  Electrically  Driven 

Pumps,  Engine  Driven 

Relays,  Armature 

Relays,  Latching 

Relays,  Thermal 

Belays,  Time  Delay 

Resistors,  Variable,  Composition 

Resistors,  Variable,  Him 

Resistors,  Variable,  Virewouad 

Switches,  Pushbutton 

Switches,  Rotary 

Switches,  Toggle 

Thermostats 


4.37 

3.58 

- 

5.39 

.11 

.08 

- 

.16 

843 

711 

- 

1,003 

791 

» 

1,534 

1,836 

1,733 

- 

1,945 

4,200 

2,979 

cm 

6,048 

2,500 

1,307 

5,2?f 

2,400 

1,538 

- 

3,881 

24.23 

19*24 

s» 

30.85 

4.09 

1.4$ 

19.39 

0 

- 

66.43 

0 

- 

143-9 

30.36 

26.37 

- 

34.97 

7-48 

5-41 

- 

IO.51 

10.45 

9-40 

m 

H.63 

11.66 

4.77 

m 

36.71 

21.72 

17*96 

«■ 

26.42 

4.58 

3.07 

•e 

7.06 

5.22 

3.61 

- 

7.74 

I 


ENVIRONMENT:  SIMULATED  AIR 

Failure  Rate 
(failures  per 
Million  hours) 


90$  Confluence 
Limits  (failures 
per  million  hours) 


_ Part  Type _ 

Bearings,  Ball 
Capacitors,  Variable,  Air 
Capacitors,  Variable,  Ceramic 
Capacitors,  Variable,  Glass 
Connectors,  Circular,  Multipin 
Connectors,  Coaxial 
Connectors,  Rectangular 
Relays,  Armature 
Relays,  Latching 
Relays,  Thermal 
Relays,  Time  Delay 
Resistors,  Variable,  Composition 
Resistors,  Variable,  Wirewound 
Switches,  Pushbutton 
Switches,  Snap-Action 
Switches,  Toggle 
Thermostats 

Transducers,  Temperature 


5.82 

2.38 

-  18.33 

8.17 

4.02 

-  18.70 

0 

-  1.93 

0 

-  12.86 

0 

-  14.13 

0 

5.88 

0 

-  1.82 

24.25 

19.24 

-  30.85 

4.09 

1.45 

-  19.39 

0 

-  66.43 

0 

-  143.9 

8.42 

4.4o 

-  17.70 

56,80 

45.27 

-  71.89 

11.66 

4.77 

-  36.71 

6.43 

2.28 

-  30.50 

4.43 

1.57 

-  23 .00 

0 

-  48.22 

281.69 

115-17 

-  886.73 
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ENVIRONMENT:  SUBMARINE 


Bart  Type 

Failure  Rate 
(failures  per 
million  hours) 

90#  Confidence 
Limits  (failures 
per  million  hours) 

Capacitors,  Variable ,  Ceramic 

0  -  44.68 

Connect or b.  Coaxial 

92.93 

70.43  -  124.26 

Relays,  Time  Delay 

.6? 

.31  -  1-74 

Switches,  Rotary 

428.45 

223-91  -  900.86 

Synchros,  Control  Resolver 

.58 

•ai  -  .85 

Synchros,  Control  Transformer 

.18 

.13  -  .25 

7-7  6 


Section  7*0  Appendix 
Suboectlon  7.8  BIBLIOGRAPHY 


X.  Accelerated  Life  Testing  of  Guidance  Components,  Autonetics,  Technical 

55c5K«rKrAi  T'j*  T$».  " 

2.  Atkinson,  James  E.  and  Edfors,  Hugh  C.,  Environment -Resistant  Connector 
Field  Reliability  Report,  Amphenol -Borg  Electronics  C orporat i  on ,  ”T Summa - 
tion  of  Report )  Technical  Report  No.  RC  3-008,  May  15,  1963* 

3-  Atkinson,  J.  E.  and  Edfors,  H.  C.,  "Reliability  Based  on  Actual  Field 
Measurements,"  WESCON  Proceedings,  1963. 

4.  Bauer,  J.,  Diets,  R..and  Hadley,  W.,  Dormant  Operating  and  Storage  Effects 
on  Electronic  Equipment  and  Bart  Reliability,  Technical  Report  No.  RADC- 
TR -65-3^3,  November  19^5^  AD  1*7^  61I4. 

5.  Berrettoni,  J.  N.,  Dr.,  "Practical  Applications  of  the  Weibull  Distribu¬ 
tion,  "  industrial  Quality  Control,  Aug.  1964,  pp.  71-79* 

6.  Boylon,  A.  P.  and  Fontana,  W.  J.,  "Effects  of  Combined  Operating  Environ¬ 
ments  on  Reliable  Relay  Life,"  Proceedings  of  Eleventh  National  Confer- 

enee  on  Electromagnetic  Relays,  OklahcSa  State  University,  Stillwater, 

- 

7*  Brown,  H.  B.,  Fredrick,  W.  C.  and  Kennedy,  H.  J.,  Improved  Techniques 
for  Design-Stage  Reliability  Prediction,  ARINC  Research  Corporation, 

AD  218-610,  April  1,  1959* 

8.  Bush,  Thomas  L. ,  Meyers,  Anthony  P.  and  Simonaitis,  Darwin  F. ,  Methods 
for  Predicting  Combined  Electronic  and  Mechanical  System  Reliability, 

AD  406-696,  March  31,  1963- 

9.  C&serla,  Robert  W.,  Reliability  Dleclpllnes-Determine  the  Optimum  Re¬ 
placement  Times  for  Major  Mechanical  Components  cf  Helicopters,  Society 
of  Automotive  Engineers  -  American  Society  of  Mechanlcal  Engineers , 

Air  Transport  and  Space  Meeting,  New  York,  New  York,  April  1964. 

10.  Cheraowitz,  George,  Ele ctr case chanl cal  Component  Reliability,  AD  422-327, 
May  1963. 

11.  Chernowitz,  George,  et  al,  Reliability  Prediction  for  Mechanical  and 
Electromechanical  Barts,  AD  601-7*  W,  May  1964. 

12.  Component  Parts  Failure  Data  Compendium,  Electronic  Industries,  Associa¬ 
tion^!^  cember  19^  ^ 


7-78 


4 


1 


# 


WWP-1' 


13-  Dunyluk,  P.  H.  and  Hogan,  D. ,  Invest.lgat.ion  and  Application  of  Element 
Redundancy  in  Flight  Control  SystTem  Sensors,  Airforce  Flight  Dynamics 
Laboratory,  Research  and  Technology  Division,  Wright -Patterson  Air  Force 
Ease,  Ohio,  Prepared  by  General  Electric  Company,  New  York,  Technical 
Report  No.  A.FFDL  TR  66-30,  March  196 6. 

14.  Diamond,  S.  H.,  Field -Reliability  and  Specification  Improvement  Program 
for  Relays,  Final" Report,  ARINC  Research  Corporation,  Contract  No. 

AF  33(50*0-28690,  September  1964. 

15-  Dye,  Hiromi  M. ,  Compilation  and  Analysis  of  Reliability  Date  on  Selected 
Flight  Control  Component s ,  Planning  Research  Corporation,  AD  330-024, 

May  1952. 

16.  FARADA,  June  I967. 

17.  Final  Technical  Report  Task  11,  Statistically  Designed  Experiment  of 
Integral  Capsular  Relays,  Single  Pole  Double -Throw  Engineering  Test 
Models,  General  Electric,  Contract  No.  DA  36-039  SCN7 8937,  June  1963* 

18.  Floyd,  A.  L.  and  Romig,  H.  G- ,  "Meeting  Agree  Reliability  Requi rements 
for  Airborne  Tacan  Equipment,"  Hoffman  Laboratories,  1999,  IRE  WESCON 
Convention  Record,  Part  6,  August  18-21,  1959*  PP*  4b-57* 

19.  Fontana,  W.  J.,  Life  Expectancy  of  a  New  Miniature  Power  Relay,  Technical 
Report  ECOM-2692,  March  1S>6£~ 

20.  Friddeli,  Harold  G.  and  Jacks,  Herbert  G. ,  "System  Operational  Effective¬ 
ness,  (Reliability  Performance,  Maintainability),"  Proceedings  of  the 
Fifth  National  Symposium  on  Reliability  and  Quality  Control,  January 

1959- 

21.  Harris,  T.  A.,  'Predicting  Bearing  Reliability,"  Machine  Design, 

January  3/  1963 • 

22.  Hausman,  W.  H-  and  Kdmin6,  M.,'The  Reliability  of  New  Automobile  Parts," 
Annals  of  Reliability  and  Maintainability,  pp.  363-871. 

23.  Hill,  D.  A.,  Myers,  R.  H.  and  Voegtlen,  II.  D.,  "Time  -  Samples  Measure 
Equipment  Performance , "  Proceedings  Third  Annual  Symposium  on  Reliability 
and  Quality  Control  Electronics,  Washington,  D.C.,  January  l4-l6,  1967. 

24.  Kogan,  D.,  Poteate,  W.  B-  and  Shatz,  J.  R.,  Research  and  Investigation  of 
Redundancy  Techniques  for  Nonelectronic  Elements,  General  Electric 
Company,  New  York,  AD  469-0 53 ,  Technical  Report  No.  AFFDL  TR  66-31, 

August  1965. 

25.  Investigation  of  Reliability  of  Mechanical  Systems,  Lockheed-Georgia, 
Contract  NOw  64 -0629- f,  October  31,  1955- 

26.  Johnson,  L.  G. ,  The  Statistical  Treatment  of  Fatigue  Experiments,  1964. 


7-79 


s# 


27.  Johnston,  Donald  E.  and  McRuer,  Duane  T. ,  A  Summary  of  Component  Failure 
Rate  and  Weighting  Function  Data  and  Their  Use  in  Systems  Preliminary 
Design,  Kelsey-Hayes  Co.,  AD  142-120,'  December  1957 • 

28.  Johnston,  Donald  E.  and  Tuivio,  Duran  S. ,  A  Compilation  of  Component 
Field  Reliability  Data  Useful  In  Systems  Preliminary  Design,  Systems 
Technology,  Inc.,  AD  322-822,  WADD  TR  SO-330,  April  26 19&L . 

29.  Lieblein,  J.  and  Zelen,  M.,  "Statistical  Investigation  of  the  Fatigue 
Life  of  Deep-Groove  Ball  Bearings,"  Journal  of  Research  of  the  National 
Bureau  of  Standards,  Vol.  57*  No.  5,  November  19557 

30.  Me  Cool,  J.  I.,  "Inference  From  the  Third  Failure  in  a  Sample  of  30  From 
a  Weibull  Distribution,"  Industrial  Quality  Control,  September  1966, 

pp.  109-114. 

31.  Moyer,  C.  A.  and  McKelvey,  R.  E.,  A  Rating  Formula  for  ^apered  Roller 
Bearings,  The  Timken  Roller  Bearing  Co. 

32.  Nozick,  Seymour,  "Reliability:  "Estimation,  Prediction  and  Measurement," 
Quality  Control  and  Applied  Statistics,  1958 >  PP-  875-877. 

33-  Ostle,  B.  and  Prairie,  R.  R.,  "An  Analysis  of  Some  Relay  Failure  Data 
From  a  Composite  Exponential  Population,"  Technometrics,  Vol.  3,  No.  3, 
August  1961. 

34.  Plait,  Alan,  "The  Weibull  Distribution-With  Tables,"  Journal  of  the 
American  Society  for  Quality  Control,  January  1965. 

35.  Pukite,  J.,  Anderson,  G.  G.  and  Jones,  K.  C.,  Practical  Applications  of 
Electromechanical  Redundancy  far  Flight  Control"  Systems,  Air  Force  Flight 
Dynaiu.cs  laboratory,  Wright -Patterson  Air  Force  Base,  Tftiio,  Prepared  by 
Honeywell,  Inc.,  AD  488-709,  May  1966,  Technical  Report  No.  AFFDL  TR 
66-31. 

36.  Rabbin,  I.  G.,  "Application  and  Reliability  of  Connect-Disconnect  Plugs,” 
Reliable  Electrical  Connections,  1958,  pp.  212-218. 

37*  RADC  Reliability  Notebook,  Vol.  II,  HugheB  Aircraft  Co.,  RADC  TR  67-103, 
AD  821-640,  July  1967. 

38 .  Reliability  Analyses,  of  Nonelectronic  Components  Using  Weibull,  Gamma, 
and  Log  No.rmaT'Diitrlbutlons,  Volume  I,  AD  610-77^. 

39*  Reliability  Analyses  of  Nonelectronic  Components  Using  Weibull,  Gamma, 
and  Log  Normal  Distributions,  Volume  II,  AD  631-526. 

40.  Reliability  Evaluation  Report  Model  410-26  Relay,  Teledyne  Precision, 
Inc.,  July  2,  1964.  ~ 


7-80 


Reliability  Studies -Failure  Rates  1'or 
duin  No.  2101,  September  196^. 


pnents,  RRE  Memoran- 


Soarlett,  Ted  and  Weaver,  Leo,  "Reliability  and  Failure  Distributions 
of  Inertial  Sensors,"  Exeventh  National  Symposium  on  Reliability  and 
Quality  Control,  January  1965. 

Schafer,  R.  and  Yurkcw-..y,  W. ,  Accelerated  Reliability  Testing  for  Non¬ 
electronic  Parts,  Teen  ileal  Report  No.  RADC-lJ-66-Vr!5^  1966.  AD '363  b8U. 

Schafer,  R.  and  Yurkowsky,  W. ,  Accelerated  Test  Methods  for  Mechanical 
and  Electromechanical  Parts,  Technical  Report  No.  RADC-TR-65-46.  Julv 
lijbjT  AD  621  ~0jb. 

Schafer,  R.  E.  and  Yurkowsky,  W.,  Final  Report  for  Quantification  of 
Electronic  Circuit  Connection  Techniques,  RADC  TR  64-46.  HugheB~GSGT 
January  19^4.  AD  503  250. 


Seventh  Military-Industry 
16-21  June  1962. 


AD  k)3-379. 


Shube,  E.,  "Ball  Bearing  Surviv-’l,"  Machine  Design,  July  19,  1962. 

Stokes,  R.  G. ,  Handbook  for  the  Prediction  of  Shipboard  and  Shore 
Electronic  Equipment  Reliability.  Vitro  Laboratories,  Contract  NObsr- 
77519,  NAVSHIPS  93820,  April  1961. 

von  Alven,  W.  H. ,  Evans,  J.  M.  and  Reese,  W.  0.,  Failure  Rates  and 
Failure  Modes  of  Sma?-1  Rotary  Electrical  Devices,  AD  273-256,  November 

I9S1. 

Weaver,  L.  A.  and  Smith,  M.  P. ,  "The  Life  Distribution  and  Reliability 
of  Electromechanical  Parts  of  an  Inertial  Guidance  System,"  Proceedings 
of  the  8th  National  Symposium  on  Reliability  and  Qual  ty  Control,  1962,” 
pp.  148-155. 


The  Wheelock 


r ,  Wheelock  Signal,  Inc.,  1966. 


Wright,  F.  H. ,  Failure  Rate  Computations  Based  on  Mariner  Mars  1964 
Spacecraft  Data,  Technical  Report  32-1038,  January  15,  1967. 

Mease,  Geraldine  F.,  Massaro,  Ralph  and  Kovshuk,  Peter,  Jr.,  Fabrication 
a-’.d  Acceptance  Testing  of  Power  Relay  Structure,  Final  Report,  Contract 
DA-3t>  039  SC-73213,  January  "iy64". 


7-81 


Mum**..*'.:*  ■  ■  -y." 


Section  7.0  Appendix 

Subjection  7*9  EXPLANATION  OF  NEDCO  II  DATA  FORMAT 

The  computer  printout  of  nonelectronic  data  la  presented  In  three  sections: 
Section  I  -  7k i lure  Rate  Data,  Section  II  -  Stress  Level  Data/Fart  Number, 
and  Section  III  -  failure  Mode  Distributions. 

format  of  Section  I  -  FAILURE  RATE  DATA 

PART  CLASSIFICATION :  Parte  are  classified  by  generic  type,  utilising  the 
first ' five  digits  'of  the  IMP  code  for  part  classification.  In  the  NEDCO 
format,  the  first  three  digits  of  the  IMP  code  appear  with  the  part  type 
at  the  top  of  the  p age.  The  fourth  and  fifth  digits  of  the  IMP  code  appear 
with  the  IMP  part  descriptors  and  are  Intended  as  subheadings  on  each  page. 
Consistent  with  the  IMP  definition,  "N.O.C."  means  “Not  Otherwise  Classi¬ 
fied,"  in  part  class  or  subheading. 

PART  DESCRIPTION:  Additional  part  descriptive  information  is  presented  In 
this  field.  The  specific  part  name  Is  listed  here  when  the  IMP  classifica¬ 
tion  only  groups  several  similar  part  types. 

KIHCTKHAL  APPLICATION:  This  field  describes  the  subsystem  or  application 
In  which  the  part  Is  used.  Also,  certain  operating  conditions  may  appear 
in  parentheses  in  this  field.  When  the  same  letter  used  as  a  suffix  on 
failure  rate,  upper  90#  confidence  limit,  and  part-hours  may  have  more  than 
one  meaning  (e.g.,  M  *  MISSIONS  or  M  ■  MIMS),  its  meaning  far  that  line  Item 
of  data  Is  explained  in  this  field. 

KaTERCWHEHT:  The  operating  environment  Is  given  by  the  following  abbrevia¬ 
tions:  ’ 

LAB  -  LABORATORY 

(3RD  •  GROUND 

GRB  FJCD  *  GROUND,  FIXED 

GKD  MOB  *  GROUND,  MOBILE 

CRD  PORT  -  GROUND,  PORTABLE 

SOP  •  SHIPBOARD 

SUB  *  SUBMARINE 

SAT  -  SATELLITE 

AIR  «  AIRCRAFT 

AIR  CB  -  AIRCRAFT,  CARRIER  BASED 
AIR  LB  •  AIRCRAFT,  IAND  BASED 
KSL  «  MISSILE 
GEN  •  GENERAL 

LIRE,  LAB  -  LIFE  TEST,  LABORATORY 

LIFE,  ACC  -  LIFE  TEST,  ACCELERATED 

ACCEPT  TEST  *  ACCEPTANCE  TEST 

STCR  »  STORAGE 

AIR  CRD  ■  AIR,  GROUND 

AIR  SHP  GRD  -  AIR,  SHIP,  GROUND 

HE LI  -  HELICOPTER 

9UAL  TEST  -  QUALIFICATION  FJCD  EVALUATION  TEST 
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SIM  CRD  -  SIMULATED  GROUND 
SIM  SHF  *  SIMULATED  SHIPBOARD 
SIM  SUB  -  SIMUIATED  SUBMARINE 
SIM  SAT  -  SIMUIATED  SATELLITE 
SIM  MSL  -  S IMITATED  MISSILE 
SIM  HE  LI  -  SIMUIATED  HELICOPTER 
SIM  AIR  -  SIMUIATED  AIRCRAFT 
ORD  SHP  -  GROUND,  SH?P 
RR  «  RAILROAD 

SIM  (3RD  AIR  -  SIMUIATED  (SOUND,  AIR 

FAILURE  RATE;  Failures  per  million  operating  hours  are  given  unless  the 
failure  rate  Is  suffixed  by  a  letter.  The  letter  indicates  that  the  failure 
rate  is  expressed  in  failures  per  million  units  explained  either  in  the 
FUNCTIONAL  APPLICATION  field  or  as  follows: 

k  «■  Actuations 
C  ■  Cycles 
R  -  Rounds 

P  «  Premature  removals  per  million  hours  \ 

,  '  A 

An  asterisk  (*)  indicates  0  failures.  \ 

UPPER  90 4  CONFIDENCE  LIMIT:  The  upper  one-sided  90#  confidence  limit  is  given 
In  the  units  of  the  failure  rate.  Letters  in  suffix  relate  to  units  as  in 
the  FAILURE  RATE  field. 

PART  POPULATION:  Total  number  of  parts  under  observation  are  given  In  this 
field. 

PART-H0UR8:  This  field  indicates  total  .test  time  in  millions  of  part-hours 
unless  there  Is  a  letter  In  suffix.  The  letter  Is  of  the  same  code  as  the 
FAILURE  RATE  field. 

YEAR  OF  REPORT:  This  date  Is  the  one  appearing  with  the  originator’s  data 
contribution  and  may  represent  either  the  date  the  data  was  generated  or  the 
date  It  was  published. 


DATA  SOURCE:  This  field  Is  a  coded  indication  of  the  source  of  the  data 
(see  NEBCO  II  Source  List),  and  Is  intended  for  RADC  use  only. 


,:  This  number  relates  the  failure  rate  data  In 
failure  mode  information  In  Sections  II  and  III. 


The  suffix  "A"  on  a  number  means  that  there  exists  supplemental  Information 


for  the  entry  In  Section  II. 


Format  of  Section  II  -  STRESS  I£VZL  EATA/PART  NUMBER 

CROSS  INDEX  REFERENCE  NUMBERS:  This  number  relates  to  the  failure  rate  data 
in  Section  I. 


MILITARY  STANDARD  PART  NUMEER/FEEERAL  STOCK  WUMEER:  The  amber  provided  may 
be  a  Military  Standard  part  number  or  a  federal  stock  number. 

PERCENT  OF  RATED  VOLTAGE  i  The  number  indicated  is  the  percent  of  the  vendor- 
rated  Voltage  at"  "which  the  part  was  operated. 

PERCENT  OF  BATED  CURRENT:  The  number  indicated  iff  the  percent  of  the  vendor - 
Sited  current  ax'  which  the  part  was  operated. 

PEROOT  OF  RATED  POWER:  The  number  indicated  is  the  percent  of  the  vendor - 
rate#  ’power" at " which  the  part  was  operated. 

PERCENT  OP  RATED  FREQUENCY:  The  number  indicated  is  the  percent  of  the 
vendor-rated  ^requency  at  whi ch  the  part  was  operated. 

PERCENT  OF  RATED  PRESSURE;  The  number  indicated  is  the  percent  of  the  vendor- 
rated  pressure  et  which  the  part  was  operated. 

TYPICAL  TEMFERATOKB;  The  muabe”  indicated  is  the  ambient  temperature  of  the 
port  in  degrees  Centigrade  which  was  experienced  during  operation. 

HIGH  TEMPERATURE:  The  number  Indicated  is  the  greatest  ambient  temperature 
of  the  part  in  degrees  Centigrade  which  was  experienced  during  operation. 

LCU  TEMPERATURE ;  The  number  indicated  is  the  lowest  ambient  temperature  of 
the  part  In  degrees  Centigrade  which  was  experienced  during  operation. 

JRgQgEWCY  Og  3ISCS0imL  VgRmCTTr  The  numbers  indicated  are  an  individual 
value  or  range  of  values  "?ar  the  frequency  of  sinusoidal  vibration  experienced 
by  the  part  during  operation.  Values  are  presented  in  terms  of  cycles  per 
second.  The  abbreviation  K  or  M  in  this  column  indicates  respectively  kilo¬ 
cycles  or  megacycles. 

imsmiTY  OF  SINUSOIDAL  VIBRATION;  The  numbers  indicated  are  an  Individual 
value  or  range  of  values  for  the  intensity  of  sinusoidal  vibration  experienced 
by  the  part  during  operation.  Values  are  presented  in  units  of  g  (root -mean - 
square  value). 

INTENSITY  Ot  RAH  DOM  VI3ERATI0W;  The  number  indicated  is  the  intensity  of 
random  vibration* experienced  by  the  part  during  operation.  Values  are  pre¬ 
sented  in  terms  of  the  unit  g2  per  cycle  per  second. 

ACOUSTICAL  VIBRATION;  The  number  indicated  is  the  intensity  of  acoustical 
vibration  experienced  by  the  part  during  operation.  Values  are  presented 
in  terms  of  decibels. 

MAXIMUM  INTENSITY  Of  SHOCK;  The  number  indicated  is  the  maximum  intensity  of 
shock  "experienced  by  the  part  during  operation.  Values  are  presented  in  units 
of  g. 

DURATION  OF  SHOCK:  The  number  indicated  is  the  average  duration  of  individual 
shock  blows  experienced  by  the  part  during  operation.  Values  are  presented 
In  terms  of  ml 111 seconds. 
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SHOCK  BLOWS  PER  HOUR:  The  number  indicated  la  the  average  number  of  shock 
blows  per  hour  experienced  during  operation. 

TYPICAL  PRESSURE:  The  number  indicated  is  the  typical  barometric  pressure 
experienced  by  the  part  during  operation.  Values  are  presented  in  terms 
of  pounds  per  square  inch  absolute. 

PRESSURE  RANGE:  The  numbers  indicated  are  the  range  of  barometric  pressures 
experienced  by  the  part  during  operation.  Values  are  presented  in  terms  of 
pounds  per  square  inch  absolute. 

TYPICAL  REIATIVE  HUMIDITY:  The  number  indicated  is  the  typical  relative 
humidity  in  percent  experienced  by  the  part  during  operation. 

RANGE  OF  REIATIVE  HUMIDITY;  The  numbers  indicated  are  the  range  of  relative 
humidity  in  percent  experienced  by  the  part  during  operation. 


Format  of  Section  III  -  FAILURE  MODE  DISTRIBUTIONS 

CROSS  INDEX  REFERENCE  NUMBER:  This  number  relates  to  the  failure  rate  data 
in  Section  I.  A  missing  cross  index  reference  number  indicates  that  failure 
rate  information  is  unknown  for  that  line  entry. 

FAILURE  MODES  BY  PERCENT  OF  TOTAL  FAILURES:  The  percent  of  the  total  number 
of  failures  attributed  to  a  particular  failure  mode  is  given  under  a  numerical 
heading  In  parentheses.  The  heading  number  corresponds  to  a  numbered  list  of 
possible  failure  modes  given  at  the  beginning  of  the  page(s)  for  each  separate 
part  type. 
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This  study  addressed  itself  to  the  location,  collection,  classification,  organ iza 
tion  and  analysis  of  nonelectronic  part  reliability  information  into  a  fern  from 
which  it  can  be  integrated  into  a  Nonelectronic  Reliability  Handbook. 

The  collection  phase  resulted  in  38.T61  line  entries  of  failure  data  on  ‘nx.i- 
nately  600  different  nonelectronic  part  types.  These  data,  organized  in  log 
groups  are  presented  in  the  appendix  of  this  report. 

The  Data  Analysis  took  several  forms.  Failure  information  on  the  same  and 
similar  part  types  was  combined  to  yield  overall  failure  rates  for  each  of  several 
environmental  applications.  Conversion  factors  vere  calculated  to  reflect  the  effect  j 
of  varying  severity  of  environments  on  part  life.  Failure  rate  versus  stress  rela¬ 
tionships  were  sought  but  the  data  collected  vere  not  complete  enough  to  yielo  useful 
relationships.  Most  of  the  failure  information  collected  contained  total  part  operat¬ 
ing  time  end  the  number  of  observed  failures.  With  this  amount  of  information  tue 
only  alternative  was  to  perform  the  above  mentioned  analysis  tasks  as  though  the 
hazard  rate  was  constant  with  time.  Several  reports  were  collected  which  gave  good 
evidence  that  in  truth  many  types  of  nonelectronic  parts  display  failure  times 
according  to  the  Weibull  distribution  with  increasing  hazard  rates  with  time.  There¬ 
fore,  the  failure  rates  and  confidence  limits  computed  based  on  the  assumption  of 
exponentially  distributed  failure  times  (where  the  true  failure  times  are  distributed 
according  to  some  other  failure  function)  should  be  used  in  the  proper  perspective 
and  with  care .  While  the  use  of  the  assumption  of  constant  failure  rate  does  yield 
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Abstract  Continued: 

a  less  prec.se  estimate  of  the  true  hasard  rate  it 
the  failure  data  are  recorded  for  these  part  types 
part  failure  time. 

Since  it  vas  established  that  the  statistical 
of  nonelectronic  parts  must  differ  from  those  used 
prediction  models  applicable  to  nonelectronic  parts 
promise  are  investigated  in  the  Data  Analysis  Sectloi 
collected  during  the  study.  In  each  case  more  veri 
Included  appear  to  be  useful  contributions  to  the 
reliability. 
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